
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

Preliminary Design Review 2 

Manned Mars Mission Project 

Ascent/Descent Vehicle 

HabitatILaboratory 

GOTC Corporation 

The University of Texas a t  Austin 

November 26, 1985 
- ' ,  I 

. I . > _  1 .  
. I  

* I : .  _ ,  



Preliminary Design Review 2 

Manned Mars Mission Project 

AscentlDescent Vehicle 

Habit at /Laboratory 

GOTC Corporation 

The University of Texas a t  Austin 

November 26,1985 

, 



EX E C U T I VE 0 V ER '4 1 E W 

The proposed Manned Mars Mission is a n  exci t ing i t em on NASA's 

agenda of future space exploration and a logical step after the complet ion 
of the space s ta t ion .  The preliminary design efforts at  GOTC toward this 

proposed mission include the Mars Ascent  / Descent Vehicle and the 

s u r f a c e  Habitat / Laboratory. This final r epor t  describes the detailed 

e f f o r t s  and accomplishments of the GOTC during the second phase of t h e  

preliminary design p r o c e s s  and a to t a l  ana lys i s  and design wrap-up for the 

e n t i r e  Mars Project a t  GOTC. The important  results and conclusions from 

the Preliminary Desiqn Phase I Report are included, but the in-depth trade 

s t u d i e s  are not. In t e re s t ed  p a r t i e s  are refer-red t o  the Phase ! Report f o r  

the pre-desiqi! anaiysis  and r e sea rch  upon which the A/D vehicle  and the 

Hab / Lab final designs are based. Preliminary Design Phase I cons i s t ed  of 

r e sea rch  and trade s t u d i e s  supporting the A I D  vehicle  and the Hab/Lab in 

such areas as radiation protect ion,  in-situ chemical production, propellant 

s e l ec t ion ,  de-orbit. delta-V ana lys i s ,  aerodynamic analysis ,  s u r f a c e  / 

geological s tudies ,  and c,4hers. Preliminary Design Phase I I c ons i s t ed  of,  

f o r  the A/D v e h i c l e ,  the determinat ion of t he  mission scena r io  and orbi ta l  
operat ions,  vehicle s a s s  and volume s i z ing  and configuration, a s c e n t  and 
descen t  t r a j ec to ry  analysis, and propulsion s y s t e m  design. For the 

Hab/Lab, Preliminary 3esign Phase I I--consisted of ma te r i a l  s e l ec t ion  and 
methods  of s t ruc tu ra l  assernbly. 

- 
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1 .O GENER.At SUMMARY 

In September  r ~ f  this year,  there w e r e  t w o  i t e m s  m t i c e z b t y  !ack?rrq ir.: 
previous design graups' concepts  of a Manned Mars Misl=ion. These t w o  

impor tan t  facets w e r e  a manned ascent  / descent  ?chicle and a novei, 

practica! wrface hztj i tat  and laboratcry for permanent  exp!oration and 

presence  ofi Mars. During the  past  f e w  months,  the General Orbital 
Transpor ta t ion  Corporation has been working d'iliqently to  provide 

prel iminary desiais t o  f i l l  these qaps - in the Vlars Mis;ion concept. Dur-in? 

t he  concep tmi  des!cr! oi-!ase. - w e r a t  idezs and options w e r e  presented  and 

re\/iewed for bcjth P ie  A/D vel'iicie and the l-iab/'i&. Diirino, thjs phase ,  
bas i c  rriisslon tecyJjr?!S-t?rn;s were defined and a pian f o r  approachjnq the 

des@ proSiei3 was formulated.  The desiqns w e r e  required to  ' i u i f i l l  long 

t e rm gmls of s p c t  explorat ion,  obtain snrw deqree of reusabi l i ty ,  and 

develop a permanent presence  on t h e  Nartisn sur face .  Aiso, the proposed 

.. 

des igns  shou!d r i G t  k,? rnissiorl spec i f ic .  e80th tp:e ,A./a Vefiicie and the 

Hab/Lab rriust be designed t o  function wi th in  a reasonable  range of 

expected landin9 areas and conditions. S ince  the  explorat ion of the e n t i r e  . 

Martian su r face  is the u i t i rna te  om!, the proposed des iqns  should be 

flexible e n o q h  to xcorrrrnodate a var ie ty  nf s u r f a c e  scenar ios .  Wi th  these 

goals  in mind, the GOTC Corporation, desiqned a sinqle s t a q e  Ascent i 

Descent  vehicle  which rdn  opera te  from a given parking orb i t  v ia  a number 

of " w o r s t  case"  descent  o r b i t s  t o  a wide range of l a t l t udes  on the Martian 

surface, hover for- w e r a i  rninutes before  landing, and r e tu rn  t o  the 

parking o rb i t  via a reasonable ascent scenario. The design also allows f o r  

miss ion  f lex ib i l i ty  a f t e r  the start of  in-situ propel lant  production since 

the  vehic ie  r a n  refuei on-orbit  rJr a t  the su r face .  

- 

A f t e r  de ta i led  research and analysis  of seve ra l  and concepts ,  GOTC 

selected a geodesic  Habi ta t  / Laboratory design which has the advantages  



of minit-mum weight and mzxirncm  ale space . Eiy partially 

pre-assembling the structure, the construction time on ?he  surface c.39 h e  

mir:imized, a l i o w i n ~  m r e  time for exploration and scientif ic 

investigation d i ? r ? r ~ q  the 60 day ~ t 3 y  on t5e surface. 

The c l e s f y  ef for t  at GQTC assumec! a separate mrnanned Car93 

Descent Vehicle K D V ) .  A non-reuzable CDV was s tud led  during previous 

contract periods this year. This two-vehicle approach avoids the 

structural weiqht penalty of boostirlg a empty carg4 volulrte Sack t o  orbit. 

GOTC envisions one or more cargo descent vehicles landlng on the surface 

before the maned vehicle. Then, the mnned  Ascer!t ,’ Oescent craf t  would 

f l y  to the  c a r p  descent veh’cles and land at 3 reascnabie distance . The 

CDV’s w i l l  contain the Hsbitzt/Labor2tory, nuclear power source for 

surf ace zu 1 :men t , 

consurnmabk;, lunar-type open rovers, and any other xpipf i- ler i t  or 

provisions needed for the mission. The CDV’s would also r,oi-lta!n in-situ 

oxygen and propei i 3r1t production equipment. 

o per ?I t 1 on, m OD i 1 e row-  / hab i ta t  , sc i ent 1 i I c 

In  general, the Manned Mars Mission Project a t  Q3TC 2:s remained 

within budcet 2nd or! schedule except for S O M ~  technic21 2nd publishing 

problems reiated t o  Preliminary Design Review I Fepsrt. Also, the 

complexity of h e  Ascent / Descent analysis has forced G9TC t o  abandon 

plans for a detailed analysis of the  vehicle guidance and control, a general 

C9ntarnination s tudy  affectinq both desigrls, and a rnore detailed specific 

surface scenario . 
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5. 



2.1 - Dome Geometry 

The dome shape has  many advantages ove r  other t y p e s  of enclosing 

s t r u c t u r e s .  The hemisphere enc loses  the g r e a t e s t  volume with a minimum 

of s u r f a c e  area,, and therefore a minimum of cons t ruc t ion  m a t e r i a l s .  

Dividing the dome s u r f a c e  i n t o  inherently r igid t r i a n g l e s  produces a 

s t rong,  l ightweight,  and space e f f i c i en t  s t r u c t u r e .  

Almost all geodesic domes bui l t  today are based on va r i a t ions  of the 

icosahedron shown in f igure 2.1.1. By dividing each t r i angu la r  face i n t o  

s m a l l e r  t r iangles ,  the polyhedron becomes s t r o n g e r  and more spherical 

simultaneously.  TWO f a c t o r s  govern the division process:  division method 

and frequency o i  division. Figure 2.1 .? d e m o n s t r a t e s  the t w o  popular 

methods of dividing the t r iangles .  Both methods  have advantages ove r  the 

other.  The triacon method has g r e a t e r  symmetry  and r equ i r e s  f e w e r  

d i f f e r e n t  s t r u t  lengths.  However it is possible  only in even frequencies  

and cannot be divided into hemispheres  wi thout  cu t t i ng  s o m e  t r i ang le s  in 

half .  The a l t e n a t e  method requires s l igh t ly  more struts bu t  is possible  in 
all f requencies  and can  be easily divided i n t o  hemispheres .  

In f igu re  2.1.2, the labels Zv, 3v, 44, etc. refer t o  the frequency of 
division. The number corresponds t o  the number of divis ions in  each leg of 

the original icosahedron t r iangles .  The a l t e r n a t e  method w a s  chosen f o r  
the habitat  dome due t o  its ab i i i t y  t6 form nice hemispheres  and the 3v 

design w a s  chosen f o r  its balance of s impl i c i ty  and general  spherical 

shape. Although the 4v design is more spherical, s t ronge r ,  and u s e s  
s h o r t e r ,  more manageable s t r u t s ,  it requires 250 such  s t r u t s  in 6 

d i f f e r e n t  lengths and 91 jo in t s .  This might  prove overwhelming to an 

a s t ronau t  required t o  cons t ruc t  a hab i t a t  i n  less than one week. 



Figure 2.1.1 -The Icosdhedron 

A (ternate A A A  
2v 3v 4d 
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Table 2.1.1 - Pa th  tor Various Dome Configi_rrat.ions 

Sides Corners Edges D i f f e r e n t  struts 

Icosahedron 20 12 30 1 

l v  alt. * 15 16 30 2 

2u alt .  40 26 65 2 

3v alt. ** 75 46 120 3 

4u sl t 1 El0 91 250 6 

* The l v  has "half" trianqle or  trapezoid sides; not s!able. 

** The 3v i s  a "3/5" dome. I t  i s  not a t rue  hemisphere. 

Tahle 2.1.2 - Strut Lengths f o r  B 4.3 metet- Radius Dcme. 

Strut lengths (meters) 

I v  4.52 2.25 

2v 2.66 2.35 - 

3v 1.499 1.735 1.773 

41: 1.089 1.269 1.266 1.34s 1.237 1.284 



2.2 Habitat Construction 

2.2.1 Design Possibilities 

Three different habitat confiqurations were considered for this design 

report.  Each confiauration resuits In the same basic habitat structure, e.9. 

3 cyiindrical lower section and 3 hemispherical upper section. 

DE5IGI.I * !  - The d.~r:-~e and cylindrical section are constructed entirely by 

the ere% on the Martian surface from prefabricated joints, beams, and 

pane!s. This desiqn has the advantage o f  beinc: very liqhtweight and easy 

to  transport from Earth. Because the entire structure can be packed f l a t ,  

i t  requires l i t t l e  vclume on the carqo descent vehicle (CDVZ and i s  unlikely 

t o  recieve any darnage durinq transport. However, just as in  buiiding a 

house, a l l  interior fe3tures must be bui l t  o r  installed before the structure 

i s  habitable. 1 his includes time-consuming work such 35 the installation 

of electrical power cables and plumbing, the construction of interior 

walls, and the placement of applimces. This method would require 

approximately f i f teen to twenty days t o  complete construction. Because 

the mission requirements allow only sixty days on the Martian surface, a 

design involving complete Construction is not feasible for a f i r s t  mission. 

T 

DESIGN ?? - To avoid the long construction periods required by the total ly 

constructed habitat design, 3 self contained habitat w i th  a collapsable 



dome frame was studied. This design has all interior features bui l t  into 

the enclosed lower 5ection. The prefabricated section would re l i eve  the 

astronauts of  a great deal of construction labor. All l i f e  support, 

equipment and crew xcommodations are cornpletely prefabricated in the 

lower section, and 1 iving space i s  used for laboratory equipment storage. 

An inflatable pressure structure and the dome framework are collapsed on 

top of the prefab section. "Construction" of this desiqn consists of 

positioning the structure, expanding the dome frame, and ini lat ing the 

interior bag. The construction operation could be accomplished in three t o  

four days, making this option the best in terms of t ime and ease. However, 

a co l  lapsable framework dome requires rather complicated hinged joirtt; 

and multi-sectioned collapsable strcts. Ciue t o  the sheer number of  joints 

and strut5 requlreil, this desiqn was found t o  be m r e l i z b i e .  I t  would 

require in excess of 500 n?ovi?q psrts and therefore wouid be susceptible 

t o  vibration and/or heat damage during transport. It would also be 

d i f f icu l t  t o  confirm that each section had deployed fully. This desiqn 

would require additional heavy deployment and moving equipment due t o  

i t s  great ~ 3 s ~ .  

I 

DESIGN "3 - The third desiqn considered i s  a trade of f  between the two 

previous designs. li u ~ e ~  the cornpletely prefabricated lower section of 

the second d e w y  but has a crew assembled dcme frame. This partially - 

constructed habitat incorporates the -tremendous time saving advantages 

of the second desiqn without the overwhelming cornplexi ty  of the 

collapsing dome frame. As in the f i r s t  design, the dome materials would 

be lightweight and easily transported. A habitat of this type would be 

ful ly operational in f i i l e  t o  seven days. Although the partially-constructed 

habitat i s  nearly as massive as the fu l ly prefabricated one, i t s  design 

sirrrplicity, reliabil i ty, and ease of  construction far outweigh the low mass 

of the f i r s t  design. 
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2.2.2 Cy1 inder/Dome Construction Details 

Al l  surface construction on the Hab/Lab, whether i t be on the domed 

second levlei or the cylindrical f i rs t  level, w i l l  share the same basic 

method of asserrrbly. Hollow tubes made of a graphite composite w i l l  be 

inserted into prefabricated hubs. Locking tabs w i l l  allow the thin-walled 

tubes t o  be securely attached t o  the hubs (Fiqure 2.2. 1). These tclbes and 

hubs are able t o  be cstored and shiprsed much more eff iciently than tota!ly 

prefabricated structures. A graphite cmpos i te  was chosen as tne 

material due to  i t s  inherent strenqth and iwv mass. 

I f  only the  &me i s  t o  be constructed on top o f  the prefabricated 

cylindrical f i r s t  level, the hubs needed t o  start  the dome w i j l  be bui l t  in  

place for added stabil ity. A tube wil! be inserted In each hub, and the next 

level of tubs Nil1 be attached a t  the joints formed by the ends of the 

attached tubes. This process w i l l  be repeated unt i l  the dome has been 

cornpletely assernbled, using bracinq where neccessary t o  support 

unfinished sections. Figure 2.0. I provides a better visual description of 

the aforementioned procedure and i ts  f i n a l  product. Snap-in panels for 

structural bracing and micro-meteroite protection i s  discussed in Section 

2.4. This procedure would need t o  be r-ebearsed repeatedly on Earth so that 

the astronauts would be comfortable w i th  the construction methods. 

Construction of  the cylindrical f i r s t  level, i f  neccessary, would 

involve not only building of the frame (as in the dome construction), but 

also the structural bracing, f loor construction, and panel installation for 

internal pressure integrity. The method would be basically the same w i t h  

tubes and prefabricated hubs, but the actual construction would be more 

d i f f i cu l t  and t ime consuming. 



- Figure 2.2.1 

Cylinder and Hub Construction Options 
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First Level Deployment from CDV 

__- -- 
Figure 2.2.3 

First Level Support Tracks and L i f t s  



2.2.3 Sirrface Depl cryment of Freconstructed First Level 

i f  the cylindrical f i rs t  level of the Habitat/Laboratory is to be 

preconstructed, then there is  need for an efficient deDloyment strategy. 

The first level structure will be assembled and placed on the Cargo 

Descent Vehicle !CDV) before the Pavload Transfer Vehicle (PTV) leaves 
low Earth orbit. After the PTV arrives in i-lartian parking orbit, the CDV 

delivers the first level as, well as eouipnent for the construction of the 
second level dome and scientific payload to the planet's surface. 

Since the l o w e r  iwel wi l l  be buried t o  provide thermal insuiation anc! 

radiation protection, a suitable crater wi l l  have t o  be excavated using 
chemical explosives. As mentioned i n  PDR 1 ,  these explosives can produce 

a shallow conical crater of sufficient size t o  contain the cyiinder. Once 

the crater has b2en "mucked" (i.e., cleared of ioose debris), it is ready to 

receive the first level. 

The preconstructed lower level w i l i  be driven off of the CDV using 

ramps t o  surface (Fiqure 22.21. Tank.-style tracks with heavy-duty 

hydrmlic lifts will  move and support the cylinder from the CDV to the 
crater (Figure 2.2.3). This  apparatus would be powered by electrical 

batteries and would require a remote steering unit to allow for proper 

alignment of the cylinder in  the crater. Once the lower level i s  in the 
correct position, it wil l  be buried to i ts  rim. One possible method for this, 

as discussed in FDRI, would be to attach a bulldozer blade to or deploy a 

drag line f rom the rover vehicle. The construction of the second level 
dome would tam beqin. 

- 
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2.2.4 Manhour Projections 

Table 2.2.3 shows the  PrGJeCted t i m e s  in manhours t o  complete 

var ious tasks  requi red t o  s e t  up Hab/Lab Design *3 (prefabr icated cy l inder  

wi th  dome const ructed on surface). These t i m e s  are r o q h  es t ima tes  

based on personal knowledge and experience. blote also t ha t  t he  average 

ast ronaut  can put  in approximately 5 rr!ant!ours of work per  day while 

wear ing  a fu l l  spacescrit. This pu ts  t o t a l  csns t ruc t i on  t i rne a% 

spprox imate ly  5 days for 4 astronauts. 

Task t o  be Comoleted C m g l e t  ion T i m e  (r.fanhours) 

Excavation and Plucking 18 

Deployrnent of Cy1 inder 2Q 

Gorne Construct ion 20 

I n f l a t i o n  of Baq 4 

Bur ia l  of Lower  Level 20 

I n t e r i o r  i ns ta l  la t ion /Set  Up - 10 
A i r l ock  Connect ions 8 

Power Hook-up 4 

Pressur iza t ion  2 

Tota l  106 

Table 2.2.3 

Manhour Projections 



2.3 PRESSURIZATION AND SEALING 

The funct lonal i ty  of the Hab/Lab des ign  depends  on the  sea l ing  of the 

dome in te r ia - .  Plaintenance of a s u i t a b l e  zttmospilere in the occupied 

s t r u c t u r e s  is imperative.  It is noted that the prefabricated l o w e r  s e c t i o n  

is composed of qraphite composite and csmpietely sealed a s  one  uni t .  The 

choice  of seai ing ma te r i a l  for  the dome must w i t h s t a n d  the a tmospher i c  

d i f f e ren t i a l  between the Plars sur-face p r e s s u r e  arid the NASA a i lowab le  

life sufrpu:t pressure. P o s s i b i l i t i e s  inciude a hardened foam coating ard 

an infl.j.tsb!e a i r  strtlcture. An airioci.  \ .vii i  be Inco rpwa ted  to the  desicn 
f o r  transition [!-urn the Hab/Lab jf i terigr t o  ';he 3yrtace. 

wtii 'e 3 second rjrim-1 holds  t k  bulk of  the  i socvanate  c 3 t a i y s t  needed t o  

comple t e  the r s x t ; o n  The drums  ar? incorporated irlto any easliy 

maneuverable  f roth pxC: The &urn cornponents are ext ruded  through 

p l a s t i c  h o s e s  then mixed in 2 nozzle. The ease of t h e  process a l l o w s  f o r  

sprayinq on ver t ica i  o r  cur?xci surfaces. A w!re m e s h  formed to the dome 

would be necessary  f o r  the foam t o  adhe re  to.  The m a t e r i a i  rises t o  fu i i  

volume wi th in  seconds, dries f i r m  in less than t w o  minu tes ,  and f ina l ly  

c u r e s  i n  one day. 
- 

A possible l aminar  s t r u c t u r e  for  the foam dome has a wai l  s e c t i o n  

cons i s t inq  of the fo l lowing  layers :  e l a s t o m e r i c  coa t inq ,  high dens i ty  foam,  

t w o  pounci density foam. open-celled f lex ib le  foam,  and plaster or f l a m e  

r e t a r d e n t  paint The p l a s t e r  or pa in t  is a necessa ry  coa t ing  t o  fcreen out 

the u i t r av io l e t  sunl ight  which t e n d s  t o  breakdown the foam syn thes i s .  The 
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!zyet-ed wail method allows the surface trJ be i i qh twe iqh t ,  stronq, m d  

f lex ib le .  A b w e  311 the polyurethane foxn  i s  an e f f i c i e n t  insu lator .  

k s e c m d  opt ion f o r  dome sealing i s  the yse o f  an advanced a i r  

supported s t ruc tu re .  This a i r  supported s t ruc tu re  concept was developed 

by Goodyear t o  enclcse i a r y  areas economically. Currently, the company 

Environmental S t ruc tures  lnc. manufactures these s t ruc tu res  for a v z r i e t y  

o f  uses, such 3s greenhouses, storage shel ters ,  2nd a i r c r a f t  hanqers. 

The air supported s t ruc tu re  utiiizes stee! caSles about fou r  f e e t  m a r t  

as the  main ioad cx ry in !=  elements. The f i l m  between the cables ac ts  as 

the sa'; ! x r r ie r .  i t  is  d ie lec t r i ca l l y  smier! t o  the cabies and usual ly  COM?'S 

In a d w h k  h\:;er. LSW pressure a!r s e g m t e s  the  inner and outer  layers of 

the ! jguble-wall  cg'\;er. This  dead s i r  5 p c e  insv l3 tes  t h e  e n t i r e  s t ruc tu re .  

A ccn t ro l  yisterrr r e p i a t e 5  the presw-o Inside t o  suppport the canopy. ESi 

structure; c x  be designed t o  f i t  any size conf iqurat ion;  therefore, t he  

Hab/L3b dome can be secure!y sealed using such J concept. The s tee l  

cab125 c m  e H l y  be anchored t o  the  lower base s t r u t s  o f  the  dome. Since 

the  cables p r w i d e  the load-bearinq strenqth, the ratjric f o r  the s t ruc tu re  

can be very i iqh twe iqh t .  E51 has developed a fab r i c  called ESIFILM, 

basically a woven po lye thykne  vinyi-coated rnaterial with excel lent  

r ip -s top  charac ter is t i cs .  E5iFILi.l has been success fu l l y  tes ted  under 

ex t reme temperature m d  w i n d  conditions. The e n t i r e  s t ruc tu re  i s  

pre fabr ica ted  and can De Slown i n to  pos i t i on  in as l i t t l e  as t w o  o r  three 

hours. The erec t ion  operat ion does not require manhandling, bu t  u t i l i z e s  

the  fm tha t  norrrrally support  i t . Thus, the s ing le p iece  cover fcr the  

dome c . m  be deployed b;f a smal I crew. 

The v e r s z t i i i t y  and ease of the air  supported s t r u c t u r e  rnakes i t  a 

v iab le  candidate fo r  the  Hab/Lab sealant as cornpared t o  the  polyurethane 



foarrl. The ir:f jatabie ;trLjctiAre (:?rl > be desitgned cgmpatsbj.p to ttl? 

dcme conflquration. i t  of fers inher?r!r controi lable pressure, a htgh 

venti iat ion rate, fire resistance, and a long i i f e  -- factors R o t  present in  

the foam optivi .  

Entry i n t o  the in f  lztable zstructure is  t.hrouc;h an a i r lock  r?n 3irl!ick.., 

quite simp!;', is d small room eqlJippsd ?iith two  doors, one opening t o  the  

inside o i  the structure and one tc  the outside. In operation, an individcal 

would enter  the airlock from one direct ion,  equil ibrate the pressure in the 

chamber !?iith that a t  his d e s t i m t i m ,  and Froceed. The inf latable support 

structure can be manuiactured for an:! s ize Wirsck f i t t ing.  
c  pace I-equirertierrts for thc; a i r l ock  must accomrnodate two crew 

members Nearing pressure suits tv i tn  adet2uate f r e e d m  tjf mo\/em?fit. 

Five kiloqrarlis o f  a i r  are needed t o  rjcculjy the volume at  atrnosheric 

pressure. A pumpinq fac i l i t y  would be instal led t o  return the a i r  t o  the 

l i f e  support zystern dic ing a i r lock  operations. In addition, i t  can be 

specified that the airlock shall have handles on both sides of each door 

suitable for operation by one crew rnember wi thout special took .  Displays 

should proclaim the statu3 ~f the airlock w i th in  the charnber, outside of 
both doors, and at t k  centrat cornmarid fac i l i ty ;  malfunction alarms 

should also be provided. Faci  l l t iss  f o r  rechar-qing pressure sui ts should be 

located i n  the airlock chamber as well-ac, a CO2 wash down area A further 

desirable f eatwe would be the capabi i i ty  for  voice cornrnunication 

between the inr.ide and the outside o f  the airlock. 
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Panel Installation 
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Figure 2.4.2 

Safe Haven Design Options 



2.5 CONCLUSION AND RECOMMENDATlONS 

Maar;'s f i r s t  v i s i t  t o  I"fars nece;sitates sf f ac i l i t y  for habitation and work; 

purposes. The GOTC corporation has desiqned a habitation and laboratory 

structure t o  meet the basic needs for a two  month v is i t .  The resul t lng 

qeodesic dome desiqr: provides living qmrtprs on One level and lab work 

space on the second. This specific design was selected as J novel 

alternative t o  the cylindrical modclles previously anaiyzed by other cjroups. 

Furthermofe, the qex les ic  structure c.itmbines minirnum weight w i t h  

M ax 1 m 5 pace e f f j c j ?ncy, 
The . x t ~ a I  H a b j i a b  i;io:Ie} is cgrrrpf:~r,ed of  3 circular b 3 5 ~  !eve1 capped 

w i t h  3 geodesic dorm I a J /3  o f  a Y; dterna te  icosahdroni. The f i r s t  

Ievel i s  prefsbricated in qrq jh i te  composite, whi le the dome frame i s  

crew assernbled and o f  the Sam(? m&e!-.ial. To seal the i-lab/LaS interior, m 

air wgp'srted ;:ructure i v i l i  be deployed. Further additions is the model 

incl!?de sfiap-in cE!!inq panels and a 5zfe haven, both f o r  radiat ion 

protect ion.  The Hab/Lab is p a r t i d l y  buried, w i t h  the dome port ion levei 

w i t h  the Martian surface and compatible w i t h  an airlock. 

- 

A; 2n immobile base, the Hsb/Lsb ?ossec,ses the capabil ity for future 

expansion. TWO options are prezent and recornrnended for future analysis: 

1 attaching the b35ic cyl indrical modclles t o  t h e  birried lower level; and 2)  

cons t r x t i ng  an adjacent dorne wi th a tunnel connection between the two. 

Thus the geodesic dome model i s  a viable f i rs t  mission desiqn w i t h  

potential for expanded reusability. 

Future ef for ts should also be placed in  the area of radiat ion protection. 

S e m d a r y  radiation in part icular must be scient i f ical ly and thoroughly 

researched for survival on the Martian surface t o  be feasible. The hazards 
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3-0 AscentlDescent Vehicle Design System Overview 

The qrsup resp~ns ib le  for the Ascent/Descent Vehicle design ( A I D  

Group) had completed i t s  trade studies and i t s  est imation of the payload 

weight in PDR-1. As stated in PDR-1, the A/D Group has chosen the bent 

biconic desiqi-1 as 3 trade o f f  between the Apollo-derived capsule and the 

shuttle-derfvea l l f t ing body. The bent blconic ailow5 for a better 

cross-ranae csmb i l i t y  compared t o  the capsule desiqn but does not have 

the heating rate problem the shuttle-derived l i f t i n g  bcrdy would seem t o  

have or? entr::. The k l D  Group has estab!ished the foi lowing requirements 

for  the A/D Vehicle aesign: 

A icrur ~ S I T C ) P Z ! J ' ~  crew-expandible to  s ix 

Reusab 1 e 

Two  week temporary habitat ion 

G-Limit of six 
Delta-v f lex ib i l i t y  for  a variety of missions 

Hover time o f  two minutes 

Cross-ranqe c3?3bility o f  200 kilerneters 

Storable propellant that can later be produced on the surface 

Propulsive at t i tude control 5ystem 

Radiation and micrometeorite shielding for nominal conditions 

Safety throuqh redundancies 

Cargo capabi 1 i ty  of 500 k i  loqrams 

Capable o f  carryinq 3 small  rover 



A PERT/CPM chart for the A/D Vehicle f rom PDR-1 t o  PDR-2 i s  shown 

in  f iqure 3.0.1. This f iqure i s  3 modified version of the original chart set 

out in the Proposal. A more reasonable PERTKPM chart was realized 

af ter  PUR-1 and therefore was adjusted accordingly. The A/D Group was 

broken down into two groups; the Ascent group and the Descent group. The 

Ascent q r w p  was responsible fo r  the t w o  di f ferent scenarios, the orbi ta l  

operations, the vehicle rnas'i sizinq, the ascent t rafectory and the 

Fropulsion systprii. The Descent qroup was responsible for  the vehicle 

conf i y r a t i o n ,  the volume sizinq, the descent t ra jectory and the landinq 

and surface access t o  i?ars. 
The *scenarios which the Ascent group maiyzed were the 

orbi t - to-mbi t scenario and the surface-to-surface scenario whereby 

in-s i tu propellants were assumed in production and the vehicie would be 

refueled at t h e  surface. The Ascent group calculated delta-v requirement5 

for  the de-orbit and propulsive descent phases and the ascent and 

rendezvous in the orbi ta l  operations subgroup. A vehicle mass sizing 

analysis w%s conducted based on the propellant selection and the structure 

factor incorporated in the propellant selection. The Ascent group took into 

account the g-limit whers they determined the thrust  to  weight ra t io  of  

4.5. The Ascent grC;uD determined the-required propellant (neglecting the 

drag term due to the low density of the I"lartian atmosphere) for the ascent 

trajectory. The delta-v loss due to  gravity was assumed maximurn for the 

ascent profile. The Ascent group selected the methane and oxygen 

cornbination for the vehicle propellant based on analysis done for PDR-1 

and system requirements. The Ascent group decided on a four engine 



conf iquration for the propusion system. The Ascent group determined th3t 

the vehicle could be designed without staging t o  allow for maximum 

reusabi 1 i ty. 

The Descent Group was respcnsible for the vehicle configuration 

based on cross-range and range considerations and on the bal l ist ic draq 

coefficient. The volume sizing analysis was based on the volumes o f  the 

individual components o f  the vehicle. The decent trajectory anaiysis 

included the determination of the entry ccrridor and optimum trajectory. 

The analysls was done for the "worst c3se" scenario and up to  the 

transition t o  propulsive deceleration and hover. The Descent group decided 

on a ianditq g e x  ccnfiquration of four legs. The hover time of t w o  

rningtes permits a traiectory maximum excursion of 25 kilometers. The 

buoyant descerlt !:Balloons) analysicj was abandoned early in the project  due 

t o  the io?: density rJf the atmosphere requiring a large balloon frzr the 

given rt-ms. The tirne involved in the dqloyrnent of such a large b21oon 

was Seen as too larqe t o  be accommodated in the transition from 
eqci 1 iSrium 31 ide trJ vertical descent. 





3.1 Mission Scenarios 

The ass;rtt/descent vehicle h.35 the capabil i ty of operating i n  two 

dif ferent scenarios. For early missions before in-s i tu fuel production i s  

available, the AD\/ w i l l  deorbit w i t h  the f u l l  compliment sf fuel necessary 

to  r e t w n  t o  srSit without refueling. On future missions when in-s i tu fuel 

production becomes available, %he round tr?D w i t 1  start a t  the surface of 

Plars, 3rd the P,LW w i l l  carry enouch fuel t'J returr: t o  a surface refuelinq 

1 Ccat ion. 

To rn%e this CJ!JZI operation mode possible, the  AUV must be designed 

t o  haridie :.he delt;3-v and strcctural loadinq re!:uiremer,ts for both 

scenarics. The ADV must Se able t o  actlieve atmospheric entry w i t h  fu l l  

fuel  tanks, as dictated by the early mission scenario, and yet s t i l l  be able 

to  handle atrnospheric entry w i t h  ercpty tanks, as required by the in-sitc 

fuel proclx t ion c,zenario. 

The same si tuat ion occurs during descent. The kCiV rnust be abie t o  

a x e n d  w i t h  f u l l  fuel tanks as per the in-s i tu  fuel production scenario, bclt 

must also perform well w i t h  much lower fuei mass, as i s  necessary w i t h  

the early rnission scenario. 

3.1.1 Abort t o  Orbit 

Under the early mission scenario. an abort t o  orb i t  option i s  available 

a t  a l l  times, as the fuel necessary t o  put the ADV in orb i t  is available at  



sli pgints during the nifssion. However, af ter  t ransi t ion t o  the in-s i tu fuel 

production scenario, the abort to  o rb i t  o p t i m  i s  not available dcirinq the 

descent leg of  the r o m d  trip. Fa- this r e z o n ,  t ransi t ion t o  in-s i tu fuel 

production should occur only af ter  the descer:t Chase gf the mission i s  

we i l  understood. A.,lso, a second ADV s h w l d  be available to  perform rescue 

operations should one ADV have t o  abort t o  some remote  surface location. 



3.2 Ascent 1 Descent Scenario 

It should be stated i n i t ia l l y  that the orbi ta l  t ransfer scenarios fo r  

the Ascent / Descent Vehicle (AD\!) were selected t o  allow the ADV the 

greatest f lex ib i l i t y  of  use. To this end, worst-case scenarios were 

selected whenever justifiec!. 

3.2.1 Descent Scenario 

The descent z c e ~ ~ r - ~ c  is 3,:. follows (Fia. i ): 

I .  An erlairle burn is performed a t  perlapsis of the parkiry orbit .  

chis t:urr: circuiarizes the  orb i t  o f  the ADV at parkinq orbi t  

?erlzpsis altitude, 509 krri. 

T 

2. Tifi7i:q maneuvers are performed to place the ACV into the 

correct  window for deorbi t. 

A d e w b i t  Surn i s  performed-at the proper t ime for  lnsert ion into 

the correct position in the entry cwr idor .  

3. 

4. Atrnospheric entry occurs. 

5. 

6. 

7. Touchdown occurs. 

The necessary aeromaneuvers are performed. 

The ADV hovers to the proper touchdown site. 
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Figure 3.2. I Descent Scenario 
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3.2.2 Ascent Scenario 

1 .  The ADV performs 3 pwverea :3scer!e with a gravity tgrn to an 

a l t i tude (If 159 k:.m. The term mi ?/ei(jcit)/ vector rescritinc: f rw i  

t915 maneuver i s  the veioci ly vec tor  necessary t o  perform a 

Hohrmn-type transfer to clrcui3r orb i t  radius of  500 km. 

A 5urn is performed to circuimze the o rS l t  of the  AD'V 3t  5432 

1; M . 

2. 

3. Tirninq maneuvers are perisrmed t g  place the  AD\/ into the 

correct  window for parking orbit  insertion. 

An errcine burn i s  performed t o  insert the k D V  intc the park i rq  

orbit. 

Rendezvous w i th  the orbiting stst ior ,  occurs. 

4. 

5. - 

3.2.3 Mission t o  Moons 

Missions t o  the moon5 may be possible using the ADV i f  it i s  f u l l y  
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3.3 ASCENT t DESCENT VEHiCLE HAS$ SIZING STUDY 

T  he p u r p o s ~  of t h i s  study i m s  t o  prois:icle a romh e s t i m t e  of t k  

Mars Ascent/Descmt Vshicie mass and vrJiurrie. Th is  was done ?y relat ing 

the propellant ~ S S :  to  t!;e estirrlated delta-V requirem%ts for each phase 

of the Zscent-descent scenario. The equations used for th is  analysis are 

given in Appendlx A. In  obtaininq the delta-\ l  requirements, various 

assumptions and estimates werp used w h i c h  w i l l  be described below. 

For the purpose G f  th is  study, the mission scenario w i l l  be described 

as beino made GP of two components: descent. w h k h  cor?sists of a l l  

maneuvers n m c w r y  t o  transfer f rom the selected parkinq orbi t  t o  the 

surface of i.'!ars, a n d  x c e n t ,  which consists rJf all maneuvers necessary t o  

transfer frGm the surface of Mars t o  the p x k i n g  orbi t .  

3.3.1 DESCENT SCENARIO 

The descent scenario can be dividea into the f l igh t  phase5 of 

de-orbi t, airnospheric entry, and hover. 

The de-crSit scenmo was stb$ied previously and i s  pictured in 

figure 2 . 3 .  : .  I he corresponding delta-V requirements are given in  table 

3.3. I .  For this study, the maneuver requiring the highest delta-V was use2 
since it allows the hiqhest deqree o f - f l ex ib i l i t y  in t i n i n g  considerations. 

This maneuver aliows access t o  any point on the surface between la t i  tudes 

64 degrees North snd 64 deqrees South fo r  a parking orbi t  w i t h  an 

incl ination of 64 degrees. Access t o  lat i tudes outside th is  range was not 

considered 3 high pr ior i ty  in th is  analysis. An orb i t  plane change during 

descent and ascent would be required, and these maneuvers were not 

inclclded in this study. 

- 7 ,  - 

.4tmospheric entry del ta-V was assumed to be provided completely 
~ 



Parking Orbit 7 

Figure 3.3.1 General Transfer Orbit 



Table 5.3.: - Landing Poait  ion, Burn Posit ion and Delta-Uee Required 

Landing Posit ion (theta) 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
94.99999999999999999 
99 I99999999999999999 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 

Burn Position (fl) 

179.97520091 397401 
155.03401714233516 
1 32.1 862553 1 72694 
1 1 2.60940090022898 
96 481 81 6975885729 
83.40454508759581 2 
72.80752444385609 
64.1542955303031 37 
57.006383230045524 
51 02527253688621 5 
45.9551 36762731 067 
41 ,6034377376501 88 
37 . 824626469882007 
34.50771 9948355223 
31 . 5671 90846847685 
28 . 936377808073231 
26 * 562726962287948 
24 * 404340246373349 
22.4274549 1 068 1 487 
20.604567784855756 
18.91 30748321 75204 
1 7.238869000 1 4 1 38 1 
1 5.75238357632 1 4 1 2 
14.34918591517081 1 
13 I 01 7937046687565 
1 1 ,7488754734891 3 
10 I 533522750291 61 5 
9.3644478290768722 
8.2350765493600959 
7 . 13953598984604 1 4 
6.0725258508921 487 
5 I 0292 1 0838857 1 696 
4 005 1 29353 1 536202 
2 996 1 1 475892704 1 8 
1 .9982262578045595 
1.0076868941 141541 
I 0208266 1 6 1 368223 1 

De I t a-Uee (DU 1 

6.059 
8.037 
14.41 
26.136 
43 . 995468 
68.02045441068 
97.386261 00656 
130.6684115257 
166 . 230631 7995 
202,544335838 
238 * 3675669367 
272.799 1 0653 1 3 
305 2544665676 
335 . 4067354747 
363.1202684356 
388.391 387790 1 
41 1 * 301 1538087 
431 . 9804243987 
450 585381 4255 
467.28 1 1 4044 1 6 
482.2313531613 
495.461 4422501 
507,3786066603 
51 7.9829380677 
527.3927908083 
535 7 1 33686202 
543.0373531 926 
549. 4457300251 
555.008684 1 34 1 
559 . 786486620 1 
563.83032501 1 1 
567 1830508726 
569 I 879831 1 131 
57 1 9486972642 
573 . 4 1 099 1 4955 
574.281 71 04048 
574.5697484889 
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by aergdynamic d r q ,  mr? is thus zero fw the purpose of c.alcul2tion of fuel 

requirements. Any p r r ~ p ~ l s l v e  de Ita-'4 that  would be rmessary a t  the end 

of the aersdynamic eniry was zrssurned t o  be 3 part o f  the hover m m e w e r .  

Hctver delta-?/ was calculated as the loss due to qravi tation, which 

i s  the delta-\/ that the vehicle would achieve i f  not affected by gravity. 

The hover time was selected t o  be five minutes. This value allows a large 
margin of error that acts as 3 safety margin for landing, and is  assumed t o  

cowr  transition from aerodynamic qlide i o  hover. 

3.3.2 ASCENT SCENARIO 

7- ihe ascent scenario can be dlvided into the phases of proPulsive 
ascent anb i jrbit !-ml;.euvers fo r  insertion into the pxk ing  orbit. Thi; 

scenario is shown in figure 2 . ~ .  - - c. 
For the propuisive ascent phase, the de!ta-V used t o  find the 

required propeliant was taken as t he  sum of  the burnout velocity and the 

deita-V ~ G S S  due i o  qravity !c\sses and other effects. in order t o  simp!ify 

the calculation of  the de!ta-\/ !osses, some assumptions were made. One 

of these was the assumption of  the worst. case grmi ty  loss, which would 

be obtained i f  the vohic!e traveiled only vertically. Since this is not the 

case, the actual gravity ioss would be much lower. Another assumption 

made was that the vehicle had no_ atmospheric drag. Though this 

assumption wouid result i n  a higher actual delta-V loss than calculated, i t  

i s  most likely more than compensated for by the other, worst case 

assumptions. Rotation of the pisnet, which would assist in the launch of 

the vehicle, was not  included in this analysis. Also, the specific impulse 

of the propellant was taken to be that at  Mars sea level. Both of these 

effects, which were taken to be worst case, would assist i n  lowering the 

actual delta-\/ loss of the vehicie. 



L 



Since the p v i t y  losses during ascent are lower  fo r  shorter burn 

times, the burn t ime was decreawd by increasing the thrust t o  weight 

ra t i o  at launch. In order to keep the maximum acceleration of the vehicle 

below 6 g’s, the thrust to  weight rat io w%s set a t  4.5. This resulted in  a 

siqnif icant propellant savings than lower thrust t o  weight ratios, which 

would not have produced g factors as severe. 

The propulsive ascent leaves the vehicle a t  an al t i tude of 150km at 

the periapsis of a transfer orb i t  l o  500km altitude. Ai aprlapsis of  th is  

orbit ,  a c i rcular izat ion burn is  performe& Once in th is  5OOkm circuiar 

orb i t  which intersects the periapsis of the park.inq orbi t ,  the 

Ascent/Descent vehicle w i l l  wait f o r  the orbit ing vehicle t o  reach 

perlapsis, where %hey can rendezvous. The 590kni orbi t  can be adjusted in 

order to  change i t s  period so that bot!! venicles w i l l  reach rendezvous 

posit ion simuitaneousty. This al lows f lex ib i l i t y  in the launch phase of the 

Ascent / Desc e n t ve h i c 1 e. 

The structure factor, which is: the ra t io  o f  structure ma55 to total  

propellant mass, was taken to  be 0.16 for th is  vehicie. This value was  

chow? because i t  ’.vas folind t o  be the structure factor of the space 

shuttle. 

The ljayload mass was found in a previous study. I t  has been 

rounded ug to 7000kq for th is  analysts. 

The trJtal o f  the vehicle, w i t h  propellant, was found from th is  

study to be 367, 146.29kqJ w i t h  310,470.94kq of propellant alone. The 

intermediate r e x l  t s  leading to  these values 3re given in Appendix A. 
- 

The v ~ l ~ i c e  of the propellafit has been calculated from the 

fuel/oxidizer ra t io  and denrsities. The resul t inq to ta l  volurrte has been 

founc! t o  be i2S2.97 r w i c  meters. 



3.4 Vehicle Configuration Selection 

The sekc t ion  of the overall shape of the Ascent/Bescent V@-~lck was 

in i t ia l l y  driven by 3 desire to  incorporate a reasonable amount of 

crossrange capability (200 km) w i t h  an acceptable g-loadinq penalty as 

imljosed by the vehicle's deceleration characteristics. The two  drivinq 

parameters affecting these quantit ies were found t o  be L/D, the vehicle's 

l i f t - to-drag ratio, and m/CdA, the vehicle's ba l l i s t i c  drag coeff icient. 

Based on availaD!e data. a bent biconic was selected (Reference 3.4.1) as 

tP,e "general" conf Iqtiraiion, chosen from a number of  shapes ranging from 

raked cnnes t o  \.yingecl gliders. The bent biconic promised to  provide a 

"rfle6iim-i" L/D, affording a s i l i f  icient crossrange capability, and a "medim-!" 

h i  l i s t i c  coef i !s i fnt ,  preveniinQ an excessive 9-load penalty. 

Once th is W e c t i o n  was completed, a search was made for a bent 

5 i c. on i c c on i i qur a: i oi-1 that pr ov i ci e d the c a pac i t y f o r  aero d y nam i c con t r 0 I ,  

st i f f ic ient  lsridmq vislt j i  l i ty ,  adequate base area icr engine placement, and 

for whicti S G ~  x o d y n a m i c  data existed. Fortumtely, Reference 3.4.2 

provided a "generic" bent biconic which appeared t o  meet al!  o f  the 

foresea-! requirements of  the A.DV. i h i s  shape is shown in Figure 3.4.1. 

W i t h  rninor mdi f i ca t i ons ,  ih is  confiquration served as the shape f o r  

which a l l  >li!XP(Ju?rit analysis was; performed, pr imar i ly  because of t t ie 

aerodynamic data provided in Reference 3.4.2 (Table 3.4.1). The minor 

modifications, consist ing 07 the addi t ion G f  f lush aerodynamic control 

surfaces, were not con:-idered as aft'ec:ing the aerodynamic data provided. 

- 

3.4.2 Aerodynamic Control 

The vehicle configuration which was selected presented a small  

challenge t o  the designers of the aerodynamic control system. Without the 
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aDii i ty t o  zdd stzbilizer.5 or rudders, ;iJhic!? v.'ould af fect  the zerodynamic 

eats base avai l& ie  and which vduuid sir,!nif i c m i l y  compl icate reentry 

heatinq problems, it was necessary to develop a control system thst  was 

nic. The control ~ c h e x e  selected i s  f lush with the surface of the bent bic. 

shown in Figure 3.3.2. 

The rear of the biconic i s  f 

incorporation of body flaps on the 

ared out s l ight ly to permit  the 

vehicle's underside and port and 

starboard sides. This f lattening of the sides of the vehicle near the rear 

contributes t o  the vehicle's yaw stabi l i ty  (Reference 3.4.21, in addition to  

providing for the rudder./yaw control syst3-n. 

One can note that the vehicle does not  pgrsess a Wn i l i a r  aerodynamic 

body flag on the top surface of the vehicle. Such a f lap would provide 

minirnal control as i t  i s  in  the leeside reqicln of the entry f low. To 

~ve rcome t h i s  incapacity to induce positive pitch, the vehicle i s  asscrmed 

t g  be aerodynamicaliy unstable in pitch- thus vehicIe p i tch i s  moduiated 

soleiy by defizct ion of  the underside body flap. 

Yaw if controlled w i t h  the side flaps, w i t h  enhancement by the 

forward RCS je t s  (Figure 3.4.3). 

The body flaps extend beyond the rear o f  the fuselage t o  provide 

engine shielding durinq entry heating. The side flaps are required in th is  

respect, as i s  the fair ing between the flaps, to protect the engines as the 

vehicle i s  rol ied 92 degrees during entry. 

Aerodynamic roll conirol was not seen as possible wi thout sdding 

external, perpendicular control surfaces. Therefore, a1 1 r o l l  control i s  

accomplished by use o f  the rear RCS je ts  (Figure 3.4.3). The vehicle's 

aerodynamic center and center of mass shall be placed on the same 

longitudinal axis t o  permit  the vehicle t o  f l y  on its side during entry 

without continuous RCS input. 

. 
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3.5.3 Future Considerations 

The serodynarnic configurat ion se'tected by this ana lys i s  a g p e x s  to 

m e e t  the requi rements  of the overa i l  design.  Unfortunately,  fu r the r  

ana lys i s  or entry and descen t  have brought t o  l igh t  a m a j o r  shor tcoming rJf 

the shape chosen-namely, the ballistic drag  coe f f i c i en t  is much t o o  high i o  
e f f ec t ive ly  siow the vehic le  w i t h o u t  ex t r eme ly  la rge  drag  devices .  Th i s  

high ballistic draa coe f f i c i en t  was the result of a misconcept ion  of the 
expec ted  overali  rnass of the vehicle.  I n i t i d  s e l e c t i o n  of the ben t  biconic 

shape  (Reference 5.411 u t i l i z e s  rmzses in the  range  of 5O,GOO-2GO,GGG 

kq, in which the m%s of a rather s !zabie  spacecraft, the shuttle o r b i t e r ,  
falls. Unfortl-!nateii/, i t  was si rnply overlooked a t  the t i m e  t h a t  the 

zscent /d?scer l t  vehlc ie is. rnoro akin t o  the s h u t t l e  on the launch pad than  

t o  the STS reer!trv conf igura t lon ,  due trJ the sizable amount  of  fuel  

required fo r  ascfnt from the i l a r t i a n  surface. Consequently,  the v e t t i c k  

shape  se l ec t ed  rnust. f l y  a t  a r a t h e r  hiah angle  of a t t a c k  (40 d e g r e e s )  
throughout its eritrv to pr@vi@ acjeymte dece le ra t ion  t o  p e r m i t  drag; 

. device  deployment a t  a su f f i c i en t ly  high altitude. 

"Coming i n  dry," wi thout  a s c e n t  propel ian t  on board,  as would 52 

poss ib ie  w i t h  in-s i tu  propel lant  product ion,  enhances  the ballistic 

coe f f l c i en t  somewhat .  Th i s  is not  cons idered  a v iab le  opt ion f o r  the first 

f e w  m i s s i o n s  in w h i c h  abort t o  o rb i t  is deemed a required contingency. 

Eased  on t h i s  misconcept ion--  of expec ted  vehic le  m a s s ,  our  

aerodynamic design is not  cons idered  the opt imum conf iqurat ion.  Although 

Our des ign  Pe r fo rms  qu i t e  we l l  w h i l e  en te r ing  wi thou t  a s c e n t  fue l  aboard,  
which i s  the long-term opera t iona l  conf igura t ion  for the vehicle ,  w e  would 

highly recommend t h a t  an aerodynamic shape w i t h  a higher  drag  

coe f f i c i en t  t o  provide more  e f f i c i e n t  dece le ra t ion  before drag  device  

deployment be inves t iga ted .  Although cross- range  may be sac r i f i ced ,  the 

over-all en t ry  profile would p e r m i t  a less s t r e n u o u s  envi ronment  f o r  both 
t h o  \ / o h i r l o  .rrn,d tho pro\&,  ..aihirh , I I , - ~ I ? ~  *.+hnr,.ri.-n hn i r n n n - r . A  h \ i  +hr, 

~~ 
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3.4.4 Vehicle Volume Sizing Analysis 

After  the aerodynarnlc shape was estzbl ished, the  exact dirnensiofis 
of the  vehicle were  then determined. All ea icu ia t ions  w e r e  based on th3  

to ta l  volume of the  vehicle,  which was taken t o  be the payload volume, as 
deterrflined in  Reference 3.4.1, and the to ta l  fuel, fuel tanks,  and rnain 

engii-le volurne. k scherrratic of the voiurne breakdown is shown in Figure 

J.4.4. - 
- 9  

* .  : .le c3icuistions o f  the dirnensions gf  the vehicie,  qiven - the chosen 

aljr ct a y Earn i c shape ~ w e r e  de  t cjr M i  fie d from s t r 2 i g h t f or w ar  d q ~ o m  P t, r y 

rel?tlonships.  ! ne calcuiations s n d  re iated approximations a re  shown in ..-. 

kppetli i x B. 

The vehicle is shown in three-view in Figure 3.4.5 (exterior) and in 

Figure 3.4.6 !cross section). 

3.4.5 Landing Gear Sizing 

Four lanriing gear were incorporated in the  vehicle  fcJr 30th s t ab i l i t y  

and symmetry.  The sizing of the iandinq gear w35 based on two 

considerations:  ground clearance and vehicle  s t ab i l i t y  on a sloped sur face .  

A to ta l  ground clearance of 1.5 rneters  w a s  selected as  a desiqn 

reCuirernent t o  account for  any medium-size boulders which might lie 

under the vehicle  a t  touchdown. A landing surface w i t h  a slope of 30 

degrees was assumed t o  be a reasonably seve re  condition, and the  landing 

gear was sized accordingly t o  prevent vehicle  tipping on a 30 degree slope.  
It can ho The laridina sear confiauratfon is shown in Firlure 3.47 
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noted that the landinc " -  gear 15 stowed under the  bcldy flzlps or: three %!des 

/sf the vehicle; consequently, the flaps must be l i f t e d  90 deqrees i o  

accomrnodate landing year deployment. The gear on the leeside of  the 

vehicle IS stowed behind a panel which also raises 90 degrees for gear 
de:, 1 oymen t.  

No analysis was performed on the sizing of  the footpads, so their size 

was dictated by the maxirnurr; al!mv3ble radius that could be 

accommodated in  the stowed position. 

The support strclts for  the footpads, which are vert ical  a t  f u l l  gear 

extension, can actively be adjusted t.12 accommodate slight variations in 

surface terrain. The gear sizino analysis i s  shown in  AppenaixC 
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5.5 Descent Trajectory Analysis 
3.5. I Introduction 

3.5. i .  1 Scope 

T h i s  anaiysis covers the descent trajeciory from entry interface at  

100 krn to s tar t  of .hover at  0.5 km. SInce the vehicle is required to have 

an abort to orbit capability for the first misslon, the fgel needed for 
ascent must. initially be brought down with tho A.DV. However, when in- 

situ propellant production has  been established on the surface, the vehicle 
w f i i  not carry the ascent fuel during descent. Both "fuel" and "no fuei" 

trajectories were studied. The trajectories are different because the 

variation in mass affects the ballistic cgefficients. The enaines are not 

us?d between de- orbit delta-  v and h w ~ r .  

3.5. i .2 Gescent Phases of Fl iqht and Assurripticm 
- -  9 The model descent trajectory is aiven In FiOure 3.3. ! .  The t:o!lowing 

cecuence is followed durirrg descent: 
I )  Entry interface at  100 km altitude. 

2) "Ballistic" descent with !ift vector rotated 50 dearees to avoid 
porpoising in  the atmosphere. There  ics no skipping, Le., the entry is 
corntpleted i n  one pass. Also, the maxirnurn acceleration is 3 Earth q's. 

Angle  of attack is  held constant untii h w r .  
3) Pullout maneuver. The l i f t  vector is roiied to 0 degrees to stop 
descent. 

4) Constant altitucie glide. The lift vector is modulated in roil to 
maintain constant 3ititude. This phase of fiiaht produces the majority of 

the crossranae. 

5) Brief descent. The lift vector is at 0 degrees again. There 1s no ionger 

enough l i f t  t o  maintain constant altitude, so the ADV descends. The 
vehicle is still decceleratinq. 
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6 )  Psrachclte deployrnent. 

I 1 Decceleratinq descent wi th  parachute. 

3) Jettison of parachute and ignition of engines for hwer a t  0.5 krn. 

9) Hover. 

IO) Landing. 

3.5. I .3 Objectives 

7 

The following objectives were established for this sti;dy: 

1 1  Determine whether the vehicle can perform i t s  mission under ''w 

case" corldi t ions. 

t 

2) Find the entry corridor for both fuel and no fuel cases. The er!try 

corridor consists of the vacuum periapsis aititudes fo r  rtlaxirnum g- load 

(iower boundary) and no- skip condition (upper boundary). The trajectory 

corresponding t o  the maximum 9- load boundary i s  the worst case 

trajectory becaclse it i s  the steepest possible trajectory the ADV c3ri t-!)'. 

This steep trajectory produces the mal  iest crossrange. 

3) Find "good" (,near- optimum) angle of sttsck and pullout altitude. Good 

~ a l u e s  for these parameters w i l i  give 3 m a i l  final velocity snd large 

crossranqe a t  the end of the trajectory. 

4) Find crossrange under worst case conditions. 

5) Find final velocity under worst case conditions. 

6 )  Determine the feasibility of deploying drag devices (parachutes, 

rotofoils, etc.) t o  reduce final velocity. Also, find out how rnuch velocity 

can be lost in this manner. 

7) Determine whether the vehicle can enter safely without ascent fuel 

mass. 

3.5.2 Phases of Analysis 

3.5.2.1 Entry Corridor Determination 

The entry corridor was found using the method described by Chapman 

- 
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Rotating Flexible Drag Millparachute was photographed b y  strobe light during tests 
In a low-speed wlnd tunnel. 



Table 3.5 4 F i r e l  Velocity and CrossranIGe 25 Functions c f  Angle o f  
Attack and Pulloctt Altitude f o r  the No Fuel Case 

Low e r Bo !J n d 3 r y 
Low e r Bound 2 r y 
Lower Boundary 
Low e r Eo url d a r y 
Lower Boundary 
Lower Boundary 
Upper Boundary 
Nominal 

Alphakleq) 
15 
20 
25 
30 
35 
40 
40 
40 

Heq(km) 
7 
7 
7 
7 
7 
7 

7 
c J 

V f ( rn / s ec ) 
846 
693 
5Q6 
503 
412 
372 
33 1 
373 

Y(km) 
604 
537 
420 
332 

191 
196 
20 1 

248 

Note: Alpha = angle o f  attack, Heq = pullout altitude, Vf = f inal  velocity, 
Y = crossranqe. 

Table 3.5.5 Rotofoil Data (Cd = 1.17) 
Fuel Czse 

Diameter (m) r?/Cd*S ( .ky / rP*2!  Initial G- Load V f i rn / sec ) 
t or3 34 9.39 0 

53.8 5.07 59.3 
54 a5 3.58 121.5 
50 135.9 3 L. a9 - 265.5 

NrJ Fcei Case 
64 41.75 5.99 0 

-Yr 
:'3 



Tzbles 35.3 3rd 3.5.4. L/D ' s  and ballistic, l i f t  coeff icients were obtained 

as described in section 3.4 of th is  report. 

3.5.2.4 Parachute Modelling 

in i t ia l ly ,  d ribbon parachute was used t o  deccelerate the AUV. 

Several runs showed that th is  supersonic draq device was inadequate t o  

s low the vehicle t o  acceptable velocities. To achieve higher performance, 

a ro tc fo i l  was used (Figure 3.5.3). The rotofoi l ,  or  Rotating Flexible Drag 

M i l l ,  i s  a rotat ing ribbon parachute designed f o r  the recovery of hiqh 

perforrrrance entry vehicles. Aerodynamic data on rotofo i ls  could not be 

found. However, the lnventor of the rotofoi l ,  W3. Pepper of Sandia 

National Laboratories, indlcates t!nt rg tofo i ls  have tw ice  the draq of 

conventisnal ribbon parachutes (Reference 3) .  Therefore, a Cd of 1.17, 

twice as hiqh as the Cd f o r  ribbon parachutes, was assumed (Reference 41. 

i n  cornpclting the ba l l i s t i c  drag coefficient for  the rotofoi l ,  the mass of  

the ent i re vehicle was used, since the ro to fo i l  drag i s  decceleratinq the 

entire ADV. 

To provide a safe margin o f  altitude, the ro tofo i l  i s  deployed between 

2 and 4 km above the surface. Also, the ro to fo i l  i s  deployed when the 

vehicle slows t o  775 rrdsec, about 3.3 Mach at  4 kilometers. Rotofoi ls 

have been successfully tested at  3.0 Mach. I f  the ADV has not slowed t o  

th is  velocity a t  2 km, aR abort t o  orbit i s  indicated. Generally, the vehicle 

slows t o  the required velocity jus t  beiow 4 km z t  an angle of attack of 40 

degrees for the fuel case. For the no p ~ e l  case, the ADV i s  wel l  below 775 

m/sec at 4 km. 

A czpabil i ty  to  model additional parachute deployment a t  subsonic 

velocit ies was included, but not used, in the second modif ied version of 

the descent program, l is ted in Appendix H. A sample run i s  included in 

Appendix 1. In this analysis, a single ro to fo i l  was used a t  both 



Table 3.5. I Periaprsis Altitudes f o r  Entry Corridor in Kilornetsrs 

Upper Eoundary i I ) 32.7 
Norn i na 1 -2 1.65 
Lower Boundary (2) -76.0 

With Ascent Fuel Without Ascent Fuel 
39. i 6 

- 18.32 
-75.0 

( 1  1 No Skip Cgnstraint 
(2) Maximum 13 Constraint 

Table 3.5.2 Ini t ial  Conditions a t  Entry Int face ( 100 km) 

With Ascent Fuel Without Ascent Fuel 
V(m/sec) Gamma(deg) V(m/sec) Gammddeq) 

Upper Boundary 3534 -2.656 3586 -2.52 1 
F\lorn 1 n a 1 3573 -3.6 16 3574 -3.565 
Lower Eomdary 3563 -4.406 3563 -4.406 

Rote: Gamrna IS  the  f l ight path anqle 

Table 3.5.3 Final Velocity and Crossrange as Functions of  Angle o f  
Attack and Pullout Altitude for the Fuel Case 

Lower Bourldary 
Lower Boundary 
Lower Eoundary 
Lower Eoundary 
Low e r 6 o u rid a r y 
Lower Boundary 
Lower Boundary 
Lower Boundary 
Lower Boundary 
Lower Boundary 
Lower Eoundary 
Lower Boundary 
Lower Boundary 
Lower Boundary 
Lower Boundary 
Lower Boundary 
Lower Boundary 
Lower Boundary 
Lower Boundary 
Nominal 
Nomina I 

Alphddeg! 
15 
20 
20 
25 
25 
30 
30 
30 
35 
35 
35 
40 
40 
40 
40 
40 
40 
40 
45 
40 
40 

Heai km ) 
15 
i 5  
5 

15 
7 

15 

5 
10 
7.5 
5-- 

10 
7.5 
7 
6.5 
6 
5.5 
5 
5 
7 
5 

7 
i 

Vf(m/sec) 
1.319 
i 087 
967 

1017 
875 
857 
743 
737 
69 I 
677 
556 
556 
603 
597 
615 
606 
614 
607 
595 
589 
603 

i'( k rfi 1 
767 
736 
562 
575 
409 

392 
359 
309 
295 
260 
233 
21 1 
210 
205 
205 
200 
200 
155 
220 
210 

483 

8 
I 
I 
1, 

I 
I 
I 
I 
8 
I 
I 
I 
I 
I 

1 
I 
I 

a 



sclpersonic ana subsonic velocities. 

The dFt3i led  anaiysis of r o t o f o  1 deployment 

6 4  

ndicates a trade- o f f  

between q- load, ro tofo i l  diarneter, and f inal  velocity a t  0.5 km. For the 

fQel case, a 76 rn diarneter r o t o f o i l  provfdes an in i t ia l  decceleration of 6 

g’s, which diminishes t o  under 3 g’s in less than 8 seconds. This produces 

a f inal  velocity of 60 rrdsec. Rotofoil sizes, ba l l is t ic  drag coefficients, 

in i t ia l  g- loads, and final velocit ies are presented in Table 3.5.5. 

3.5.3 Results 

From the above analysis, i t  was determined that the ADV can 

successfully operate in “worst  case” conditions. The nominal t ra jectory 

yields s l ight ly better r e w i t s .  The descent t ra jectory can be wmmarized 

a5 fo!lows: 

Worr;t Case (Max G kiindary! w i t h  Ascent Fuei 

* Constant angle of attack alphe = 40 degrees 

* AL!V ba l l i s t i c  l i f t  coeff icient M/Cl*S = 1675.5 kg/rnW*Y2 

* L I D  = 0.8571 

* Entry interface i n i t i a l  alt i tude = 100 krn 

* in i t la l  veiocity = 3563.0 rn/sec 

* In i t ia l  f l ight  path angle = -4.406 degrees 

* Begin pullout a t  alt i tude = 7 km 

* Level o f f  a t  alt i tude = 4.5 krn 

* Deploy r o t o f o i l  a t  alt i tude = 4 km, v = 775 m/sec (3.3 Mach). Rotofoi l  

has diameter = 76 m, Cd = 1.17, M/CdyS = 58.8 kg/m**2 

* In i t ia l  decceleration from r o t o f o i l  = 6.07 g, decreases t o  under 3.0 g in 

less than 8 seconds 

* A t  0.5 km, f inal  velocity = 60 m/sec, f 1 ight path angle = -60 degrees, 

crossranqe = 189 krn 

Worst Case (Max G Boundary) wi thout Ascent Fuel 



+ Constact angle of a t tack  = 25 deqr-ees 

++ ADV M/Cl*S = 1249.7 I.:g/m**C2 

+ ?/D = 1.35 

* !n i t la1  a i t i tude  = 100 km 

* I n i t i a l  ve loc i ty  = 3563.0 W s e c  

* I n i t i a l  i l i q h t  pa th  angle = -4.406 degrees 

* Eegin pu l lout  a t  a l t i t ude  = 7 !m 

+ Level off a t  a l t i t u d e  = 5.8 km 

* Deplgy r o t o f o i l  a t  a l t i t ude  = 4 km, v = 734 m/sec (3.1 Mach). R o t o i o i l  

has d iameter  = 64 m, M/Cd*S = 41.75 kq/m+Y. 

* I n i t i a l  deccelerat ion = 5.33 9. 

* A t  alt i tclde = (3.5 k.m, f i n a l  ve loc i t y  = 0 m i s e c ,  i l lqnt  path anqle = -90 

degrees, crossranqe = 400 km. 



3.6 ASCENT TRAJECTORY 

In o r d e r  to obta in  highiy accu ra t e  r e s u l t s  in  the mass and voiurne 

sizinq ana!ysis  dnne above; the t r a j e c t o r y  of the vehic le  during powered 

a s c e n t  shoilld ideally have been corisidered s i rnul taneously in solving the  

equa t ions  of AIjpendix A. However, s ince  w o r s t  c a s e  a s sumpt ions  s impl  ify 
the ana lys i s  and a l s o  provide a margin of e r ro r ,  the a s c e n t  t r a j e c t o r y  was 

assumed to  be only ve r t i ca l  w i t h  cons tan t  t h rus t inq  of the vehic le  unti! 

achievina Y orbi t. Th i s  a s sumpt ion  leads to the rriaxirnurn arnount of 

propel lant  that  would be needed fo r  the a scen t .  In o rde r  t o  g e t  2n idea of 

the m o u n t  of propel lan t  that wouid be saved  in an ac tua l  f l i a h t ,  the 

ascent t r a  jectory was considered separa te ly .  

. .  

A,DPendix 2 shows a iornputer proqram, adapted from a prograrri DV 
Cur t  %i!Gy, which was used is:, rr!odei the acil.ial ascent t ra jectory by 

nurnericallv ir i teqratinq the e q m t i o n s  of motion.  i n  this rnodel,, the vekicie 

fo l jows  a qravity tu rn  unt i l  a z e r o  f l ight  pa th  arigle is achieved. The rcicdei 

a s w m e s  constant gravi ta t iona l  acc5!er;lt ion and no a tmosphe r i c  draq. 

By IteeDinq the t .hrust  cons tan t  a t  the va iue  de t e rmined  i n  t h e  mass 

s i z inq  a n a l y s i s  above, the burn t i m e  was var ied  in o rde r  t o  achieve  finai 

condi t ions  of zero f l i q h t  path angle  a t  i 5 O k m  altitude. Th i s  r e s u i t e d  i n  a 

burn phase foi lowed by a c o a s t  phase t o  the ffnal a l t i t ude .  Th i s  s cena r io  

is shown  in f iqu re  3.6.1. Upon reaching the f ina l  a l t i t ude ,  a n s t h e r  bvrn 

would be needed t o  achieve o rb i t a l  velocity.  
It w a s  found t h a t  by varying t h e  in i t i a l  f l i gh t  path angle  of the 

vehicle ,  a t r a j e c t o r y  could be found which r e s u l t e d  in the c o r r e c t  orb i ta l  

ve loc i ty  a t  the f ina l  a l t i t u d e  of 150km. Since  this t r a j e c t o r y  would not  

requi re  a burn t o  achieve o rb i t a l  veioci ty ,  it w a s  found t o  requi re  the l e a s t  

Propel lant .  These  condi t ions  w e r e  obtained f o r  a n  in i t ia l  f l i gh t  path angle  

of 84.17 degrees  and a burn t i m e  of 135.4 seconds .  The r e s u l t s  of t h i s  

ana lys i s  are given w i t h  the program in Appendix  J. These  g ive  the total 
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prcqel lant r n a ~ ~  required for this xensrio as 150,059.33kq. From the 

results of the r n x s  sizing analysis in Appendix A, the propellant required 

for this phase of the f l igh t  i s  found t o  be 154,984.96kq i"l-Mboj. This 

results in a savings of  4,925.63kg for the scenario descriljed by the ascent 

traf ec tory. 



3.7 PROPIJLSlON SYSTEMS 

The Ascent / Descent Vehicle prcpulsior! systems are br0i:en into two 

cataqories -- the main propulsion system and the a t t i  tude control system. 

In t5is preliminary design, most emphasis i s  placed on the main system 

"ith only cursory descriptive information on the attitude control system. 

The A/D total thrust estimate resulted from the t o t a l  weight estimate and 

mass sizing analysis and preliminary ascent calculations. A thrust-to- 

weight r a t i o  of 4.5 was selected as a compromise between burnout q-l imit 

and excessive gravity !osses. The t o t a l  thrust \.vas calculated t o  be 39 19 

kt4 !881,1326 lb f ) .  For purposes of safety and nozzle efficiency, a t o t a l  srf 

fotlr main enlines are envisioned. Each engine , therefore , has 3 design .. 

thTl.JZt 9f \',!'I (220,3f>O 1bf) , 2 DrOpe!\37t rnaSS f \ O W  r a t e  of 276.32 

kq/s, and 2 specific impulse of 3540 t\l-s/kq I 361 secs!. b e e  Asppendi:< i... ! 

Based on t w o  trade stcldies ccmpleted during Preliminary Design Phase I -- 

the In-situ Chernical Production Study and the Propellant Study-- the fuel 

selected fcr  the riiain engines is metnane and the oxidizer i s  oxygen. Both 

were cho;sn t;ecx!;e they are relatively simple t o  produce on the surface 

of Mar5 and t.hey are rouqhly ternperature and pressure compatible. They 

are also non-t.oxic md have an acceptably high specific impulse. A 

possible drawback is poor iona term storability. 

A closed turbopump-fed rocket engine cycle was chosen to  make the 

most efficient use of the propellant energy. Specifically, the staged 

combustion cycle was selected which is the same as that employed by the 

Space 5huttle. In this cycle, a high-pressure precombustor (gas generator) 

burning a l l  the fuel wi th  par t  o f  the oxygen is  added t o  provide high-energy 

gas t o  the turbines. The t o t a l  turbine exhaust i s  iniected into the main 

cornbustion chamber where i t  burns w i th  the remaining oxidizer. Because 

of the precombustor, this cycle extends the range (chamber pressure and 
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thrust) of closed-cycle rockets far beyond the capabil it ies of simpler 

cycles. I t  lends i tse l f  t o  high chamber pressure operation , which al lows a 

small  thrust chamber. A disadvantage i s  that i t  requires heavier and more 

complex pumps, turbines, and piping. This cycle i s  capable of providing the 

highest specif ic impulse. Figure 3. 7 . l  shows the engine cycle and flow 

diagram for the staged combustion cycle as planned fo r  the A/D vehicle. 

I 
1 
I 
I 
I 

I 
I 

The next step in designing the main propu!sion system i s  the sizing of 

the nozzle and thrust chamber. Designing the nozzle for optimum 

expansion to Mars sea level pressure, 0.1 15 psia, and assuming a chamber 

pressure of  3000 psi3 for high performance yie!ded a nozzle expansion 

ra t lo  of 1243 which is too !arqe io be Qractical. Therefore, another 

method ior choosing 3 nozzle ex i t  area was found. By looking at  tne 

geometry o f  g l x i n q  four circ les !nozzle ex i t  areas) w i th in  a large c i rc le  

(vehicle base area) and al lowing space for enqine gimballing, a nozzle ex i t  

t o  vehicle base area rat io  of 9 was calculated. From a crude estimate of 

I 

I 
vehicle base area equal to  99.58 sq meters, the nozzle e x i t  area, Ae, is 
found t o  be i 1.0644 sq meters. From the expression for  propellant mass I 

I 
I 
I 

f low rate, r i ~  : 

r;r= A,"Pr j - -  
the nozzle throat area can be found: I 

A* = 0.02358 18 sq meters 



where M is the propellant mas3 flow rate, R i s  the ideal qas constant, 

Tc is the chamber temperature, Pc i s  the chamber pressure, end X i s  t!?e 

r a t i o  of  specific heats of  the exhaust gas. Therefore, the nozzle 
expansion rat io  i s  Ae/A* = 469.2. Then, from 

wi th  i t e ra t i on  on M e ,  the e x i t  Mach number, i t  is  found to be 5.548 and, 

therefrjre, the nozzle e x i t  pressure , Pe, i s  

pe = I 5364 Dsia 

AssurnPd values fo r  characteristic length, L*, and thrust chamber 

contraction ratio, Ac/A*, which must be experimentally determined are : 

-3  inches = 1.0922 meters ; Ac/A* = 1.75. These values yield L* = 4- 

thrust Chamber volume, Vc, and chamber length, Lc: 

Vc = !* A* = I1.0922)(@.02358 18) = 0.025756 cubic meters 

LC = VWAC = VC/(  1.75A*C) = 6.025756,’ 1.75(0.02358 18) 

= 0.6241 14 meters 

Based on previous values for contoured bell nozzles, the ra t i o  of 

nozzle length to  throat diameter i s  approximately 20. Then, since 

A* = 0.02356 18 sq meters = (pi/4) 3*?, the throat diameter i s  

0.173278 meters. Then since 

Ln/D* = 20, Ln = 20 (0.173278) = 3.46556 meters. 
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The to ta l  tength of  the thrust chamber and nozzle i s  4.03 meters. 

The nozzle ex i t  diameter, De , i s  ,k4/n 1 ( 1 i ,0644) = 3.75336 meters 

and the thrust chamber diameter, Dc, is  JWV )( 1.75!(O.02358 18) = 

0.22922 meters. See Figure 3. 7.2 fo r  the nozzle and thrust chamber 

dimensions and a summary of important engine characteristics. 

Thrust vector control w i l l  be accomplished by gimball ing the engines. 

Regenerative cooling of  the thrust chamber and nozzle w i t h  the f y e l  w i l l  

protect the engine from excessive heat transfer. Since the system must 

be restartable many times, a reliable igni t ion system i s  needed. One 

possibi l i ty  that appears promisinq is precombustion chamber ignit ion i n  

which a smali chamber i s  bu i l t  next to the main combustion chamber ana 

connected throuqh an ori f ice. A small amoclnt of fuel and oxidizer is 

injected into the precomhstton chamber and ignited by a spark plug,  

catalyst, or other means. The burning mixture enters the chamber in a 

tcrch-l ike fashion and iqni tes the larqer main propellant f low which is 

injected into the main chamber. Another promising option i s  auxi l iary 

f lu id  ignition, in which a hyper-golic f lu id  or combination of f luids i s  

injected into the combustion chamber for  very short periods during the 

star t ing operation. In th is  case, a hypergolic in ject ion of hydrogen 

peroxide and an alchonol, such as methanol, would be suitable since both 

propellants are simple compounds and have the potential t o  be produced on 

the Martian surface. A combination o f  the two  approaches may also be 

v i  ab 1 e. 

The at t i tude control system i s  composed of  several small  thrusters 

located in the nose and t a i l  section of the A/D vehicle. These rockets are 

used for  maneuvering in  space and during reentry t o  maintain the proper 

vehicle attitude. For the control torques required , a bi-propellant system 

i s  PrrJbably needed. The hypergolic combination of  hydrogen peroxide and 



methanol would also be suitable fo r  the at t i tude control thrusters 3s well 

as main er:gine ignition. 
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Figure3.7.1 ENGINE CYCLE ,410 FLOW DIAGRAM -- MARS A/D VEHICLE 
STAGED COMBUST i O N  CYCLE 
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:!cyt-e .7.2 Plt?PS A/D VEHICLE NOZZLE & THRUST CHAPIBER DIMEblSiON5 
. 7 Af.!ii E?iGINE CHARACTERISTICS 
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Thrust = 980 kN 
Mass Flow Rate = 276.8 kg/s 
Specific Impulse, S I  = 361 s 
Chamber Pressure = 3000 psia 
Exi t  Pressure = 0.368 psia 
Chamber Temperature = 4080 K 

Nozzle Area Ratio = 469 
Nozzle Throat Area = 0.0236 m.;, 

Propellants = CH4 I 02 

L 



3-8 Recommendations 

The GOTC corporatlcd-1 has designed a Ascent/Descent vehic ie  to meet 

the Sasic needs frzr the early missions t o  Piars. The analysis was done for 
the "worst" case descent. and ascent to and from Mars. Propellant 

requirements were based on 3 rendezvous and de-orbit to  and from the 
"bar9e" configuration i n  a Ears parkinq orai': at  ZI W inclination. A change 
in this parkina orbit rniqht have been done bv th:, ;jroup a t  Texas A&i,l 

I/ilnich W O U ! ~  affect. the requ?red propellant .and t h u s  the overall vehicle 
l-. .- ~1-r '  ,- - XIC! weiqht .  i ri;? aerodynamic ~:mi iaura l ion Y V ~ S  chosen ciue t o  the data 

base x/a?iabls .  i u tb re  cii 'erts on the ijesiqn inciude a detailed optimization 

cli the desccnt and ascent pxfiies. Other x e a s  oi analvsis miqht include 

attitude coxro l  syst?rns, S-turns, rotoioii reef iny and heating rates. 

Another remmrnendation would be t o  determine a landing ellipse for the 

descent profile. Future analysis \ ~ o u i d  aisi! include a comparison between 

the confiauration GGTC chose and another hen! biconic ( i f  cross-range is 5 

rnajor rec;uirerner:t j vr a more blunt ve9icle. EutLire analysis would include 
s detailed crew conmartment interior (including surface xcessj, 3 

interior design of the vehicle configuration and a access "door" for the 

deployment of the rover ic! the Martian surface. Further studies should 

also include possible missions to  the moons, cross-country capsbiiities 
and mean suriaceiierrain considerations. 



4.0 Program Management 

The nifie i-1al-s fii ission project enqineers were divider! into three 

cjr oc l~s :  the A x  e r: t ,’ D e x  en t V e h i t ! e G r ljup , t he i-la b i t 3 t I’ L abo r a t or y Des i g rl 

GI-otip zrld the Research Groug (see F i q u e  4. i ?. Each enqineer is a rnernSer 

o f  e !  ther the i?scent/Descent ( . N E )  Group or the Habi tat/Laboratory 

(HzWLaS) Group. AI! engineers are members of the Research Group. The 

Research Group r5searches areas that a f fect  both designs, such 35 

radiation anc! atmospheric conditions. 

The qr?q directcrs assisted the proqram rnanazer w i t h  manqerr!e!?t 

tasks. A t  t h e  r a m  time, the group directcirs assigned and tracked the 

przql-ess i;f the inrjiijidual tast;s. Fiqcre 4.2 rgr1-!3ares the pro?oc,ec 

.srogrm t!:w!ine t~7 the  actu2i ~rocjrarn i i m e i  i re .  Unexpected delayr 

occurred for both the PDR 1 presentaticn dtle t o  a project  meeting w i t h  

!\!A,SA a t  Te.xz.3 A&Pl Lkiversi ty and fctr the PDF;: 1 report due to  technical 

prirlt i f ig and pytriisfiing diff iccrlt ies. Tire prograrn exaerienced no major 

scheduling di t f  icul t ies and, e s p e c i ~ l  ly frJr ihe Hab/Lab design, fol lowed 

the original FiisiTI’CFF-1 schedcrle alrnmt exactly. The A/D vehic!e design 

encountered c,ort?e schedul irq problems as a resul t of  unexpected technical 

corr@licatior!s. A5 a resul t ,  Some changes were made t o  the A/ i i  vehicie 

schedule t o  enable the pro  fect  t o  be completed on tirne. (.See Fiqcrre 3.91) 

Originally, 3 guidance and control analysis, a detailed abort-to-orbit 

study, a contaniirtat ion s tudy ,  and an--overali s u r f x e  operatiofis scenario 

were planned. However, these t!;picc, were considered less irnpurtant in 

the to ta l  analysis and i t  was decided that rmre attention should be aiven 

t o  other a r m  o f  the W D  de.c,i‘;n. Figure 4.3 shows the proposed weeii,jv 

workload breakdown arld Ficure 4.4 shows the actual weekly workload 

breakdown for the ent i re  project. Figure 4.5 shrJws the curnulative to ta l  

Proposed marl-hours ?/ersus actual man-hours for the project. The actual 

w s  only sl iqhtly hiqher than the proposed. 
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Figure  4.3: Proposed Week ly  W o r k l o a d  Breakdown 
I i 120 h r s / w k  to ta l  est imate) 
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F igu re  4.4: A c t u a l  Weekly Workload Breakdown 
( 137 h r s / w k  average) 
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5.0 PROGRAM COST 

5.1 FEkSONNEL COST 

.. 

33804 

i $2809) 

5th w& total $648 1 $643 1 

total  personnel cos t  $30041 $34575 



total estimate 
{with \GZ error) $33045 

5.2 MATERIAL AND HARDWARE COST 

E GU 1 pm e n t FroDostid 

Macmtosh ana Fer ipheral iiental $ ! 200 

PPI PC and Per!pheraj R e m i  1278Q 

$2W SO f t '.v are 

SQC ilainfrarre Time &. Supplies J L / Q  

C O R ~ X  @ k G  05 psr CODY $52 

?ransparenc 12s @ $0.70 per transparencv $30 

Hiscellaneous Sup01 ies $50 

P 

*r)- 

Ac t u a i 

$1209 

$2780 

$50 

$50 

$86 

$32 

T 

I ota! 

Total  (wlth 10% error) 

$4592 

$505 1 
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APPENDIX D 



fP 
rhop ,00036136 kg/m"3 Density at r p  

cd 
3 m"2 Vehicle base area 
r P  3429156.7 I Radius o f  periapsis 

hP 39, t 56656 kin Height of periapsis 

Chapman ' s per i gee paramet er  

Ueh i c I e mass 
Uthicle ccreff ic ient  o f  drag 

kg 
1 
4 2:; 

1 3390000 ro 

157158 m 

@ ,0000877 beta 1 / ( a t  mosphere sco i e he i ght ) 

m tlars radius 

s Rule I 
* fp=rhop/(2,0*m/(cd*a))*sqrt (rp/beta) 
* rp=hp*lOOO+ro 
* rhop=l ,56~-2*exp(-(- ,  531 4+.  1 OE13*hp+2 I 168/hp) ) 
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,&f'%Eh,VIX E Tk L 1 SDLVLX oRUT M O V R  
Entry lnit ial Condit ions - low energy parking 

Vert i ca I o r  Hor i zont a I : Vert i ca I 
I L i s t  Uidth F i m t  Header 

f 10 1 
10 1 
10 1 
10 1 

Ubar 10 1 

1 :: 
M Z ~ ~ ~ ~ ~ ~ a m  10 1 

I g i wen( 'mu, mu, 4.28282e13) 

# *  Rmara = giuen('Rmara,Rmars,3397500,0) 
* a I t ,per i gee = g i uen ( ' a i t ,per i gee, a I t -p e r  i gee, 5OOOOO , 0 1 
* g-mars 5 giuen( 'g-mars,g-mars,3.73) 

= sqrt(mu*(2/r - l/a>) 
* Ut = sqrt(mu*(2/r - l/ati) 
* a = (apogee + pcrigec)/2 E* perigee = Rlaars + olt-perigee 

"Period = 2*p i ( )%qrt (aA3/mu j I* DU = sqrt(~*2 + ~ t * 2  - ~~*~t*cosigama,t - gama)) 

"Period = g i uen( 'Period, Period, 86SOOAI) 

* e = 1 - perigee/a 
* r = a*(l-e~2)/(l+e*co~(f)) 
* r = at *( 1 -e-t "2)/( 1 +e-t * c m (  f 1)  
* uac-perigec = at*(l-e-t) 
* uac-perigee = Rmars + alt-uac-perigee 
* gama = a t a n ( e * s i n ( f ) / ( l + e * c c t ~ ( f 1 ) ~  

= atan(e,t*s i n( f ) / (  1 +e,t*cos( f 1) ) 
entry-p = entry-alt + Rmars 

* entry-U = sqrt(mu*(2/entry_r - I/at>) 

* entrg-gama = acos(sqrt (mu*pj/(entry_r*cntry_U) 1 
a* p = at*(l-c-t~2) 

= ent ry-U/sqrt (g*ent r9-r) 
g = g~aars*(Raars/entry-r)"2 

9 

.. 



S t  Input Name Output Unit Comment 
U 3039.01 38 m/sec Ue loc i t y  a t  burn 
mu 4,2828E 13 mA3/secA2 Grav i t a t  i ona I parameter 
r 4410578.9 m 
a 4205 km 
ut 2950.7484 m/sec 

LG 3950,0003 a t  km 
451 2.5 apogee km 

-76 

L 

L 150 

L 

L 

L 
100 

3.73 

per igee 3897.5 km 
Rmars 3397.5 km 
uac-per 3321.5 km 
a I t-uac km 
Per i od hrs 
DU 191 ,821 68 d s e c  
e ,073 1 2723 
e-t ,169 1 0507 
a I t-per 500 km 

gamcLt -7,734333 deg 
gama -3,121154 deg 
ent ry-U 3694,3428 m/sec 
entry-r 3497,5 km 
P 3883.1825 km 
ent ry-g 6 I 3820734 d t g  
ent ry-a km 
Ubar 1,0529365 
g-mars m/sec"2 
9 3.5 1 9754 m/sec"2 

f de9 

Radius a t  burn 
Semi-major a x i a  o f  park ing o 
U e l o c i t y  a f t e r  burn 
Sem i -maj o r  ax i s a f t e r  burn 
Apogee o f  park ing  o r b i t  
Perigee o f  park ing  o r b i t  
nean rad ius  o f  t lars 
Ent ry  Uacuum per igee 
Ent ry  Uacuun per i gee a I t i t ud 
Per iod o f  park ing  o r b i t  
De l ta  v e l o c i t y  o f  burn 
Eccentr i c i t y  o f  park ing  orb i 
E c c e n t r i c i t y  o f  o r b i t  a f t e r  
per igee a l t i t u d e  o f  park ing 
True anomaly o f  burn 
F l i g h t  path angle a f t e r  burn 
F l i g h t  path angle before bur 
Ue loc i t y  a t  en t r y  i n te r face  
Radius a t  e n t r y  i n t e r f a c e  
Orb i t  parameter a f t e r  burn 
F l i g h t  pa th  angle a f t e r  burn 
A l t i t u d e  o f  en t r y  in te r face  
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Y 
T H I S  IS k k  OUTPUT R O U T I N E  FOR PRlhT1N6 AN EPHLHERClUS 
O F  THE DLSCEKT T R C d L C T O R Y ,  

C6 HMO f~ IR 0 / R 0 
COhROtd/ROLL/RCLL 
CO?lROklbALLCD/bALLCD 
COKl lOhr1616  





I Of 

I: RLTUHhl 
EtJD 
FUNCT I U h  D E N S  t R  1 

C t * * t * * * r + +  * *+*** +* Clt ** +t*+****tt**+*i I*+****** a*** ** 
C T H I S  SUBRCIUTXNE CONTAINS AN A k A L Y l I C A L  HODEL O F  THE 
C M A R T U N  A I H O S P H E R E .  T H l S  ROlrEL bAS LLVLLOPEO A T  JPL 
C F R O R  A BLST F I T  GF THE UIKItu6 I b 11 FLIGHT DATA, 
C 

I 

1 

I 
E 
4 
I, 
IC 
P 
1 
I 

COHWOk/RHOO/RHOO 
COhH O)ul/H# A X /ti RA X 
COHROhilRO / R O  

C 
RHO0 = l r56E-2  
R H O 1  = O r O J 6 0 3  

H = C f i  R0) /1000.0  
IF ( H I L Q O O O O )  THEN 

C 
a 

LEkS = R H O 1  
U S E  IF C ( H O ~ ~ ' O O O O ) O A N C ~ O < H ~ L E . S O O ) )  THLN 

LENS = RHOl*LXP(-Oo0515308*t) 
ELSE IF ~ C H ~ G ~ ~ 5 o G ~ o A N D ~ ~ H o L E ~ 5 ~ 2 ~  fHfN  

bENS = R H O 0  *E XY(-(-[r -5314 +O 01 OBJ+H+2 0188/H)  > 
fLSt L F  t t H  -G To5000). Ab00 ( HoLEoHRAX) 1 1 HEN 

LEkS = RH 00 + € X Y  (-C-Zr881+G,1396 *ti*42055/d)> 

LE?& = (1.0 
r u L  if ~ H . G T - H H A U  I H L N  

tkD 1F 

RLtURh 
ERD 
S U t R O U T l k E  ~ ~ R C L L ( ~ ~ , U S ~ Z E I H D O T , G S R ~ L L ~  

C l + * t + * * * t t * t + ~ t l + t * * ~ ~ * * + ~ *  +****+t*t**.**** *** 
C THlS SUBROUTINE. CONTkOLLS THE ROLL OF THE VEHICLE 
C D U R I N G  DLSCELT- FOR IHIS S I H U L A I I O ~ S  THE VEHXCLE'S 
C LXF7 IS RODULIITED BY THE VLh1CLE.S EANK AbA6LE- T H I S  
C SIRULATIOIU HkS A S S U H E D  CONST&NT 1 / 0 9  H / t S * C L ) r  AND 
C ANGLE Of ATTACK,  THIS SUbROUTINL IMFLEHENTS ALL OF 
C DESCLhl TRAJECTORY PhOFILE HEtUJFtHLkTSo SPECIFICALLY 9 

C T H I S  ROU'i lhrL COYTROLLS THE UEH1CLE.S RATE OF DESCENT 
C A 0  FLIGHT A Z I R U T H  A C C C R D I k 6  10 0th S P E C I F I C A T I O N S -  
C 

COMROWBALL CL /BALLCL 
COHMOk/6 /6  
COhMORdR 0 t R 0 I 

I' H = R  - R O  

ROLL = 0.0 

hOtL = 0.0 
ELSEIF t(H mLToHEOU1 L)o A NDo C H 0 0 1 o L T 0 0 ~ 0 ~  2 THE& 

ELSEIF tho61 rHEQUIL) THEN 
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APPENDIX i 



ASCENT FUEL F L A G :  i 
( 1 =FUEL* 2=NO FUEL) 
ANGLE OF ATTACK ALPHA (DEG) = BOD~UOOOGOOOOO 
FUEL F L A G  AND ALPHA NOT USED BY P R O S R A Y  
X/(CL*S) <KG/f l+*L^)  = 1675. 5 0 0 ~  o o o o o  
L I D  = ~ 8 5 7 1 0 0 0 0 0 0 0 0 0  
rt ul) = 4248o350000000 
u tn/src, = 791039740 60 060 
GAMA (DEG) = - 2 0 2 0 7 t 4 3 5 0 0 0 0 ~  
HEQUIL <HI = 7aoo000000000n 

HDH t ~ )  = 4ooo00000000ao 
dALCOR <KG/H**2 )  = 580800 DO000000 

i i D R  ( W S E C )  = 775o0000000000 
SALCDP <KG/H**2 )  = 58o80000000000 
ADP (HI = 20000000000000  
YDP (HlSEC) = 235.oooaoooooo 

T I R E  (SEC) = 0 ROLL < 3 E f )  = 
X DOUNRANGE ( K f l )  = 0 
Y CROSSRAKGL ( K H )  = 0 
ti ALTITUDE (KM) = 4.2483 49949994 
ATHOSPHERIC DENSITY ( K G / H * * 3 )  = 1.28621963993Ef-G2 
'4 VELOCITY CH/SEC) = 791a3974C6QG00 
ACCELERATXON (EARTH G I  = -0  30G b 61  8938384 
3 Y I Y A Y I C  PRESSURE ( h l / H * * 2 )  = 4027.660S 92253 
GAHA F L T o  PkTH ANGLE (DEG) = -2 -2G 7 4 0  65 2 i 6 5 7  
ALL (DEG) = 0 

TIME ( S f C )  = 2 0 0 0 0 0 0 G 0 0 0 0 0 0  R O L L  (3EC)  = 
& OOYNRANGE (KH) = 1 o 5756518 23554 
Y CROSSRANGE CKH) = 0 
tl ALTITUDE (KH) = 4 o 1853 2 0 7 48 58 2 
ATHOSPHERIC DENSITY (KG/H++3)  = 102909 0 420 6394 E-G2 
V VELOCITY <H/SEC> = 785.52232 05988 
ACCELERATION (EARTH G I  = -029665932 3 02  S 5  
OYNAHIC PRESSURE <hlH/!4**2) = 39til,183357'i36 
GAMA F L T o  PATH A N G L E  (DEG) = -2 0375 1916 247 97 
AZE ( O E G )  = 0 

TIME CSEC) = 4 0 0 0 0 0  ooooo  o o ~  R O L L  ( 3 E G )  = 
X 00rlNRAN6E <KH) = 3o139%11887093 
Y CROSSRANGE CKH) = 0 
H ALTITUDE (KM) = 4o118103340358 
ATROSPHERIC DENSITY (KG/H**3) = _- 1 02949 9 16 1 5  51 3 E-02 
v VELOCITY <H/SEC) = 779.6690613868 
aCCELERATfON <EARTH (i) = -.2965913i 75203 
DYNAMIC PRESSURE < N / f l + * 2 )  = 3935.890 198553 
GAMA FLT, PATH ANGLE <DE&) = -205485809 954 90 
4ZE CDEG) = 0 

T I f l E  (SEC) = 6,000000000000 R O L L  (DEG) = 
X OOYNRANGE <KM) = 4,691343363731 
V CROSSRANGE (KH)  = 0 
ti ALTITUDE (KH) = 4.046613273248 
ATNOSPHERIC DENSITY (KG/H**3)  = 1 o 299660 b 7 9 66 3 C-02 
il VELOCITY tH /SEC)  = 71308950834755 
ACCELERATION (EARTH G) = 0 0  294 6 5455 98960 
OYNAflIC PRESSURE < N / H * + 2 )  = 3091.922283657 
GAMA FLTo PATH ANGLE (DE61 = -2-727517952265 



I 2 5  
ZL (DfG) = 
O T O F O I L  D E P L O Y E  

R O T O F O I L  D E P L O Y E D  
O T O F O I L  DEPLOYEG 
O T O F O I L  D f P L O Y E D  

G 

8,000000000000 R O L L  (3EG) = 
6-210597628943 

0 
H A L T I T U D E  <KM) = 3.97A783351690 

T R O S P H E R I C  D E N S I T Y  ( K G / H f * 3 )  = 1 30460 19 0 5 40 4 E-0 2 
V E L O C I T Y  (H/SEC) = 717-0706572497 

C C E L E R A T X O N  ( E A R T H  G )  = -6 00 78 7290 7 60 64 

AHA FLTI P A T H  A N G L E  (DEG) = -209250061 09666 
ZE <DEG) = 0 

H O T O F O I L  D f P L O Y E D  
O T O F O I L  D E P L O Y E D  
010 F O  XL D E P L O Y  ED 

R O T O F O I L  D E P L O Y E D  
O l O f O I L  D E P L O Y E D  
O I O F O I L  D E P L O Y E D  It O T O F O I L  D E P L O Y E O  

R O T O F O I L  D E P L O Y E D  

Y N A r l I C  PRfSSURE ( N / H * * 2 )  = 3354.2~~812$5 
a 
B 
II 

~ O T O F O  IL DEPLOYED 

T I H C  (SEC) = 10 c O O O O O U O O 0 G O  ROLL t 3 E G )  = 
D O Y N R A N G E  (KM) = 7 -  535266457043 
CROSSRANGL {K#) = G 

ri k L T I T U D E  [KH) = 3- 900701057374 
T H O S P H E R I C  D E N S I T Y  <KG/H+*J) = lm309459523893E-02 

UELOCIfY ( H I S C C )  = 614, b797 0 7 8 0  44 
C C E L E R A T I O N  ( E A R T H  6 )  = -~0440277445741 

D Y N A M I C  P R E S S U R E  ( N / H + * 2 )  = 24730751?79742 
AHA FLT- PATH AfuGLE (DLG) = -3.250 981G 10697 
ZE ( D E G )  = G 

R O T O F O I L  D E P L O Y E I j  
O T O F O I L  D E P L O Y E D  
O I O F O I L  D E P L O Y E D  

R O T O F O l L  D E P L O Y E D  
O T O F O I L  D E P L O Y E D  
O T O F O I L  D E P L O Y E D  

R O T O F O I L  D f P L O Y E D  
OTOF OIL D E P L O Y E D  

# 

E 

E 
P 

& 

t 

f o T o F o I L  D E P L O Y E D  

d 

4 
L 

lfHE ( S E C )  = i z .oooaoouoooo  _ _  ROLL ( D E G )  = 
D O Y N R A N G E  (KH) = 8m681951581564 
CROSSRANGE (KH) = 0 
A L T I T U D E  (KH) = 3-831211144596 

V E L O C I T Y  (WSEC) = 537.4929544638 

D Y N A M I C  PRfSSURE (N l f l *+2 )  = 18980305634736 
AHA FLTo PATH A N G L E  (DEG) = -30717881024li48 
ZE (DEG) = 0 
O T O F O I L  D E P L O Y E D  
O T O F O I L  D f P L O Y E D  
O T O F O I L  D f P L O Y E D  
O T O F O I L  D E P L O Y E D  

R O T O F O I L  DEPLOYED 
O T O F O I L  D E P C O Y E  D 

ATROSPHERIC D E N S I T Y  (KG/?4+*3) = 1- 314 I670 7 0 8 7  5 E-0 2 

C C E L E R A T I O N  ( E A R T H  6 )  = -3 ,453 a623 49624 

P 

- 3  



3OTOfOIL DEPLOYED 
R O T O F O I L  DEPLOYEfi 
HOTOFOIL DEPLOYED 

T I M E  (SEC) = 1 4  ~ o o o a o o o o c o o  R O L L  (SfGI = 
Y OOUNRANGE (KH) = 9.691839716979 
Y CROSSRANGE ( K M )  = 0 
H ALTITUDE (KH) = 3 7605838 0 0793 
MTnOsPHERIC OENSITY CKG/H**3) = 1-318958  6 7  4 475E-W 
U VELOCITY < H / S L C )  = 477.1885827873 
ACCELERATION (EARTH G) = -2-7413704 42332 
DYNAhIC PRESSURE (N/t l **2)  = is01 .6934 3 1705 
GAHA FLTo PATH ANGLE ( D C G )  = -4.3163281 08790 
AZE (DEG) = 0 
it 070 F O I L  DEPLOY ED 
ROTO F O I L  DEPLOYED 
R O T O F O I L  DEPLOYED 
ROTOFOIL DfPLOYEO 
ROTOFO I L  DEPLOYED 
R O T O F O I L  DEPLOYED 
R 010 F 0 I1 DEPLOYE D 
ROTO F O I L  GCPLOYE ti 
ROTOFOXL DEPLOYED 

TIME (SEC) = 16 080 0 0000 li0 0 LOLL (3EG) = 
X OOLNRANGE tKH) = 10 0593087359~D 
Y CROSSRANGE (KH) = 0 
ti A L l I T U D E  tKM) = 30667097051664 
ATflOSPHERIC DENSITY (KG/H+*3) = 1.32336275239ifi-02 
V VELOCITY < f l / S E C )  = 428.7 1 8 9 4  5 1 0 ~ x 1  
ACCELERATION (EARTH G )  = -2 023 L 3 75 5 3 65 02  
OYNAnlC PhESSURE (N/H+*2) = l216.721341040 
GAHA FLT. PATH ANGLE (DEG) = -50039756 37252 
AZE. <DE61 = 0 
ROTOf  Of1 DEPLOYED 
R O T O F O I L  DEPLOYED 
R O T O F O I L  DEPLOYED 
H O T O F O I L  DEPLOYED 
R O T O  f 0 I L  DEPLOY EO 
ROTO F O I L  DEPLOYE 0 
ROTO F 0 I L  DEPLOYE 5 
H O T O F O I L  DEPCOYE D 
H 010 6 0  XL DEPLOY ED 

TINE <SEC) = 1 8 0 0 0 0  O O O O O O O O  ROLL <Df6) = 
X DOYNRANGE (KM) = 11 .4057404395 I  
Y CROSSRANGE ( K R )  = 0 -- 
d ACTITUDL: <KH) = 3 60962965 0805 
ATWOSPHERIC DENSITY (KG/!4**3)  = 1.329258569294E-02 
V V E L O C I T Y  (Fl/SEC) = 38tmww1a434  
ACCELERATION (EARTH GI = -1.854 ~9561aoa 
DYNAMIC PRESSURE (N/H*+2) = 1004.975957417 
GAHA FLTe PATH ANGLE (DEG) = -5.8a436a4 36112 
AZE <OEG) = 0 
S O T O F O I L  DEPLOYf D 
R O T O F O I L  DEPLOYED 
R O T O F O I L  DEPLOYED 
R O T O F O I L  DEPLOYED 
R O T O F O I L  DEPLOYED 
R O T O F O I L  DEPLOYED 
R O T O F O I L  DEPLOYE. D 
R O T O F O I L  DEPLOYED 



O T O F O I L  D E P L O Y E D  

T I R E  ( S E C )  = 20000000000090 
OOUNRANGE (KH) = 12*14*52658265 
CROSSRANGE (KH)  = G 
A L T I T U D E  (KH) = 3.527434561869 

V E L O C I T Y  <X/SEC) = 35504 3286 97148 
C C E L E R A T I O N  ( E A R T H  G) = -1 -568 5769 796 26 

O Y N A H I C  P R E S S U R E  <N/f l t*P)  = 843-20668 11456 
AHA FLT- P A T H  ANGLE <D€.G> = -6 -84 6 209 6 8 20 60 
ZE ( D E 6 )  = 0 

R O T O F O I L  O E P L O Y E D  
O T O F O I L  D E P L O Y E D  
O T O F O I L  D E P L O Y E D  
O T O F O I L  D E P L O Y E D  

R O T O F O I L  D E P L O Y E D  
OTOFOIL D E P L O Y E D  
O T O F O I L  D E P L O Y E D  

H O T O F O I L  D E P L O Y E D  
O T O F O I L  D E P L O Y E D  

In€ ( S E C )  = 22 . o o o o o o o o o o o  ROLL C3EG)  = 

A T M O S P H E R I C  D E N S I T Y  ( K G / f f + * 3 )  = 1.33451 0 0 7 0 2 71 1 t - 0  2 
t 
k 
f 
18 
E 
4 
t 

f 

r 
d t::A(;::; = 

G O r N R A N G E  <K?l) = 12 082054846824 
CROSSRANGE ( K t l )  = 0 
A L l I l U D E  (KH) = 3~440021005690  

V E L O C I T Y  (CI/SEC) = 326094777867 3 8  
C C E L E R A T I O N  (EARTH 6 )  = -103471268 68301 

D Y N A M I C  P R E S S U R E  ( N / H * * 2 )  = 716.6 91 12 0 0 0 73 
AHA F L T o  PATH A N G L E  (DEG) = -709233629 36235 
ZE (DEG)  = 0 
O T O F O I L  D E P L O Y E D  

R O T O F O I L  D E P L O Y E D  
O T O F O I L  D E P L O Y E D  Ilt O T O F O I L  D E P L O Y E D  

R O T O F O I L  D E P L O Y E D  
O l O F O I L  D E P L O Y E D  
O T O F O I L  D E P L O Y E D  

R O T O  F O  I1 D E P L O Y €  D 
O T O F O I L  D E P L O Y E D  

IHE (SEC) = 21000000000000  R O L L  ( 3 E G )  = 

A T R O S P H E R I C  DENSITY < K G / H + * 3 )  = 1-34092731 3 4 3  Q E-C 2 

t 

# 

It; 
X DOdNRANGE (KH) = 13 -44232763516 

CROSSRAWYE (KH) = G 
A L T I T U D E  ( K f l )  = 3-3470 79649612 

V E L O C I T Y  ( H I S E C )  = 302-3202819277 

YNAHIC P R E S S U R E  <M/H*+2) = 61507292628954 
PATH A N G L E  ( D E G )  = -9,113 732946195 

A T R O S P H E R I C  DENSITY (KG/H**3) = _- 1 347364 0 7 7057 E-02 

C C E L E R A T I O N  ( E A R T H  6 )  = -1.172 567s 4msa 

0 
O T O F O I L  D E P L O Y E D  

R 010 EO I L  DE P L O Y E  D 
O T O F O I L  D E P L O Y E D  
O T O F O I L  D E P L O Y E D  

R O T O F O I L  D E P L O Y E D  
O T O k O I L  D E P L O Y E D  
O T O F O I L  D E P L O Y E D  
O T O F O I L  D E P L O Y E D  

E 

G 

ROTO.FO I L  D E P L O Y €  D 

8 



26.000 o o o o o  D O O  ROLL C3EG) = TIHE (SEC) = 
Y CROSSRANGE ( K H )  = 0 
ti ALTITUDE <KH) = 30248438557936  
ATMOSPHERIC DENSITY (KG/ t l+*3)  = 1 - 3 5 4 2 3 1  0 4 174  0 Eo02 
v VELOCITY CH/SEC) = 2 8 0 - 7 5 5 5 1 9 3 5 1 6  
ACCELERATION (EARTH 6 )  = ~ 1 0 0 3 2 9 6 1 7 8 1 0  0 9  
DYNAHIC PRESSURE < N / H + * 2 )  = 5 3 3 - 7 2 7 2 4 7 1 2 5 8  
GAHA FLTo PATH ANGLE (DEG) = -1 00 4 1 6 1  96 911 10 
AZE (DE61 = 0 
ROTO FOIL  GEPLOYED 
R O T O F O I L  DEPLOYED 
R O T O F O I L  DEPLOYED 
R O T O F O I L  DEPLOYED 
R O T O F O I L  DEPLOYED 
ROTOFOIL DEPLOYED 
8010 FOIL DEPLOYED 
R O T O F O I L  DEPLOYED 
ROTOFOIL DEPLOYED 

X COClNRANGE (KH) = i 4 e o i ~ 5 2 4 0 7 2 a 7  

TIME (SEC)  = 28 ~ 0 0 0 0 0 0 0 0 0 0 0  R O L L  (3EG) = 
X C O i i N R A N G E  (KX)  = 1 4  054840222191  
Y CROSSRANGE t K H )  = 0 
H ALTITUDE (KH) = 3.144 0 3672 6415  
ATMOSPHERIC DENSITY (KG/H**3) = 1.36153631 5956E-G2 
'4 V E L O C I T Y  ( W S E C )  = 261 b 5 4  8 3 8 16 65 
ACCELERATION (EARTH 6 )  = - 0 9 1 9 9 5 5 4 2 3 6 2 8 1  
DYNAHIC PRESSURE (N /H* *Z )  = 46600  760354362 
GAHA F L T o  PATH A N G L E  <DE61 = -11 -62947619668  
AZE (DEG) = 0 
H 010 FO 1L DEPLOY ED 
ROTO C O I L  DEPLOYED 
ROTO FO I L  DEPLOYEG 
ROTO F O I L  DEPLOYE D 
R O T O F  0 IL DEPLOYED 
R O T O  FO IL DEPLOYED 
ROTOFOIL DEPLOYED 
R 010 FOXL DEPLOYE 0 
ROTOFOIL DEPLOYED 

l I R E  <SEC) = ~ o O a o o o o o ~ o o o o  R O L L  ( D E G )  = 
X DOYNRANGE <KH) = 1 5 0 0 9 2 1 6 6 6 3 5 2 4  
Y CROSSRANGE ( K l l )  = 0 
h ALTI lUDC (KH) = LO339080 06042 
ATROSPHERIC DENSITY (KGlH**3)  = 1.3692 a 5 0 2 9 4 9 9 ~ - 0 2  
v VELOCITY o(/SEC) = 2 44 -55844 a56 71 
ACCELERATION (EARTH G) = -08275971552242  
3YNAHIC PRESSURE C N / ? 4 * + 2 )  = 4 0 9 - 9 7 5 7 1 0 3 8 1 2  
GAHA FLT- PATH A N G L E  (DEG) = -130352727  19633 
AZE (DE61 = 0 
ROTOf-OXL DEPLOYED 
ROTOFOIL DEPLOYED 
R O T O F O I L  DEPLOYED 
HOTOFOIL DEPLOYED 
R O T O F O I L  DEPLOYED 
PARACHUTES DEPLOYED 
PARACHUTES DfPLOYED 
PARACHUTES DEPLO Y ED 
? ARA CHUT ES DEPLO YED 

TIWE CSEC) = 32 .ooaaoaaaooo ROLL (3EG) = 
X DOYNRANGE: (KN) = 15 0 5 0  12022 1726 

-~ 

128 1 
G 

I 
I 
1 
1 
I 

G I 
I 
I 
1 
I 
I 

i D 
I 
1 
1 
I 
I 

O B  



I. I24 
CROSSRANGE (KH)  = 0 
ALI ITUDE (KN) = 2,918171742395 

1 a37747562 I70 5 t - O Z  
if 
~t 

9 

'* THOSPHERIC DENSITY (KG/H**3 )  = 
v VELOCITY (H/SEC) = 229-1 0 710 68959 

YNAHIC PRESSURE (N /M+*2 )  = 361-5109669372 
GARA FLTo PATH AN6LE (DEG) = -14.43516947763 

ZE (DEG) = 0 
ARACHUTES DEPLOYED 

PARACHUTES DEPLOYED 
ARACHUTES DEPLOYED 
ARACHUTES DEPLOYED 
ARACHUTES DEPLOYED 

PARACHUTES DEPLO YED 
ARACHUTES DEPLOYED B ARACHUTES DEPLOYED 

PARACHUTES DEPLOYED 

CCELERATION (EARTH 6 )  = -. 751 4 781 6 5 87 a3 

E 

I R E  t S E C )  = 3 4 ~ 0 0 0 0 0 0 0 0 0 0 0  
DOhNRAN6E (KH) = 15 m9282515+582 
CROSSRANGE ( K M )  = 0 
ALTITUDE I K H )  = 2-797027745500 

THOSPHERIC DENSITY (KG/H**3)  = 1.3661 0 1 8 1 3 61 3 E002 
V VELOCITY (MISEC) = 215-0158555475 

CCELERATION (EARTH G )  = -068834156 02952 
YNAHIC PRESSURE tN/ f l * *2 )  = 320-4 100348310 

GAHA FLTm PATH ARGLE CDEG) = -1 4-72 608762563 
ZE (DEG) = 0 
ARACHUTES DEPLOYED 
ARACHUTCS DEPLOYED 

PARACHUTES DEPLOYED 
ARACHUTLS DEPLOYED 8 ARACHUTfS DEPLOYED 

PARACHUTES DEPLOY€D 
ARACHUTES DEPLOYED 
ARACHUTES DEPLOYED 
ARACHUTES DEPLOYED 

f 

t 
6 

IHE. (SEC) = 36 e000 0 0 0 0 0 0 0 0  ROLL (DEG) = 
DOLiNRANGE tKH) = 16*32554889103 

Y CROSSRANGE <KH) = 0 
ALTITUDE (KH) = 2-670754050160 

t 
e 
$1 

f 

TROSPHERIC DENSITY <KG/H**3) = 1 ~ 3 9 5 1 5 0 5 6 4  80 0 E-02 
V VELOCITY <H/SECl = 2 0 L O S 5 6 2  15036 

CCELERATION (EARTH 6 )  = -e63570764 15487 

AHA FLTm PATH ANGLE <D€6) = -1 8.5 1 4 IP I 7 3 154 
YNAHIC PRESSURE < N / f l * * Z )  = 2a4m795392s637 

:ERA %~ :s=D EP Lo YE0 
a 

ARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 

ARACHUTES DEPLOYED 
ARACHUTLS DEPLOYED 
ARACHUTES DEPLOYED 
ARACHUTES DEPLOYED 
ARACHUTLS DEPLOYED f ARACHUTES DEPLOYED 

IHE (SEC) = 38e0000000000G 
DOUNRANGE (KH) = 16m69+9230&908 

Y CROSSRANGE (KH) = & 
2.5397064 17665 

c 
# ALTITUDE (KH) = 



ATMOSPHERIC DENSITY (KG/H*+3) = 1 404 bo 39 B 4 8 5  Q b o 2  
v YELOCXTY <M/SEC) = I90 m i l  4 0 0 6  63762 
ACCELERATION <EARTH G) = -e5916657506553 
3YNAHIC PRESSURE < N / H * * 2 )  = 253- 5 3793 95269 
GAMA F L T o  PATH ANGLE (DEG) = -2 0 5 3 0 523 54365 
AZE (DE6) = I! 
PARA CHUT ES DEPLO Y E D 
PARACHUTES DEPLOYfG 
PARACHUTES DEPLOYED 
PARACHUTES DEPLO YEG 
PARACHUTES DEPLO YED 
PARACHUTES DEPLOYED 
P ARACHUT ES DEPLOY ED 
PARACHUTES DEPLO YED 
PARACHUT ES DEPLOYED 

TIME (SEC) = 40~000000Ci0000  R O L L  (DEG) = 
X DObiNRANGE. (KH) = 17 -03788360632 
Y CROSSRANGE (KH) = 0 
H ALTITUDE <KH) = 2 4 0 43 1082 0924 
ATHOSPHERIC D fNSITY <KG/M+*3)  = 1~144375511Vl E-02 
V YELOCITY (H/SEC) = 170-8360242377 
ACCELERATION (EARTH 6 )  = -055472065 933 90 
DYNAMIC PRESSURE < N / M + * 2 )  = 226.1 3440946a2 
GAMA FLT- PATH ANGLE <DEG) = -22.5 9 251 6 3 04 21 
RZE (DEG) = E 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
PARA CHUT ES DEPLOYED 
PARA CHUT ES 0 EPLO Y ED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
P ARA CHUT ES D EP L G  Y ED 
PARACHUTES DEPLOYED 

TIHE (SEC) = 420000 00000000 ROLL (DEG) = 
X DOYNRANGE (KM) = 17o35567905087 
Y CROSSRANGE < K H )  = G 
H ALTITUDE CKH) = 2-265104331553 
ATHOSPHERIC DENSXTY ( K G l H * * 3 )  = l o  424620 9 7 477 0 E002 
J VELOCITY <H/SEC) = 168o25643944b2 
ACCIiLERATION (EARTH G) = -m5236879946321 
DYNAMIC PRESSURE ( k i / H * * 2 )  = 201o656733S271 

AZE (0E.G) = 0 
PARACHUTES DEPLOYED - 
PARACHUTES DEPLO YE0 
PARACHUTES DCPLO IED 
PARACHUTCS DEPLOYED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLO YED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 

SARA F L T o  PATH AkGLE CDEG) = - 2 ~ 5 9 8 5 6 9 6 a 3 8  

T I R E  (SEC) = 4 4 ~ 0 0 0 0 0 0 0 0 0 0 0  R O L L  ( D E G )  = 
X DOJNRANGE (KM) = 17 06#936032058 
V CROSSRANGE (KH)  = 0 
H ALTITUDE <KM> = 2-122655933157 
ATWOSPHERIC DENSITY (KC/Hf*3)  = 104351 1685 1703 E002 
U VELOCITY ( W S E C )  = 158 0 2 55 0 7 7 5 1 4 4 

G 

0 

0 



CCELERATION (EARTH G) = -- 49761698 383 03 
YNAHIC PRESSURE C N / H * * Z )  = 179-7101366479 
AHA FLTo PATH ANGLE (DEG) = -27. G 3 14 99 9 7195 
ZE (DEG) = a 
ARACHUTES DEPLOYED 
ARACHUTES DEPLOYED 

PARA CHUT ES D EPLO YED 
ARACHUTES DEPLOYED 
ARACHUTES DEPLOYED 

PARACHUTES DEPLO YE. D 
ARACHUTES DEPLOYED 
ARACHUTES DEPLOYED 
ARACHUT ES DEPLOY ED 

3 
I 

IIIE (SEC) = 46 0000 00000 000 R O L L  ( J E G )  = 
OOrlNRANGE. (KH) = 17091982338266 

I CROSSRANGE (KH) = 0 
ALTITUDE (KH) = lo977646053089 

THOSPHERIC DENSITY CKG/H++3) = 10445880834007E-02 
VELOCITY ( W S L C )  = 14a.7225134~51 

CCELERATION ( fARTH 6 )  = 9.4757 3528 7 00 23 
Y h A h I C  PRESSURE <N/H-2) = 159.9027521082 
AHA FLT. PATH ANGLE (DEG) = -290406222 0 6 0 1 9  

a 

t 

d i;:; %! ;;=;;m: t 

P ARACHUTfS DEPLOYED 
ARACHUTES DEPLOYED 
ARACHUTES DEPLOYED 
ARACHUTES OEPLOYED 

PARACHUTES DEPLOYED 
ARACHUTES DEPLOYED t ARACHUTES DEPLOYED 

IRE (SEC) = 48 0000 OOCiGO OOG R O L L  (9EG) = 
DOiiNRANGE CKM) = 18016785056966 

r CROSSRANGL o w  = 0 
ALTITUDE ( K H )  = 10030830 0 49167 

THOLPHERIC DENSITY <KS/H+*3)  = 1.4569 6125 60 63 E-02 
VELOCITY <H/SEC) = 139.5830538363 

ACCELERATION (EARTH G I  = -045740826 06065 
YNAnIC PRESSURE (N/t l**2) = 141.3232636315 

P 

t 
AHA FLTo  PATH ANGLE (DEG) = -3 1 .s 82587 s sa 71 

AZE (DE61 = 0 
ARACHUTES DEPLOYED 
ARACHUT ES DEPLOYED 
ARACHUTES DEPLOYED * 

PARACHUTES D EPLO YLD 
ARACHUTES DEPLOYED 8 ARACHUTE S DEPLO YEG 

PARACHUTES DEPLOYED 
ARACHUTES DEPLOYED 
ARACHUTES DEPLOYED 

t 

ROLL (3EG) = IRE (SEC) = 50 ~ o o o o o o o o o o a  

CROSSRANGE ( K R )  = a 
OOYNRANGE (KH) = 18039419641872 

H ALTITUDE (KH) = lo683036522284 
TWOSPHERIC DENSITY <KG/H**3) = 1,4679969 50957 E-02 

VELOCXTY (H/SEC) = 130.77234 91211 
--4421006353669 

8 
P 

ACCELERATION (EARTH 6 )  = 
YNAnIC PRESSURE < N / f l * * 2 )  = 125.52~39~31 

3 



G A f l A  FLT- PATH ANGLE (DEG) = -3 4 4 5 891 6 8 86 35 
AZE (DE61 = 0 
PARACHUTES DEPLOYED 
PARACHUTES OEPLO YED 
PARACHUTfS DEPLOYED 
PARACHUTES DEPLOYED 
FARACHUTES DEPLOYED 
7 ARACHUT ES 0 EPLO Y ED 
?ARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 

TlME ( S f C )  = 52 ~ O O O D O O O O O 0 O  ROLL (DEG) = 
X DOUNRANGE (KH) = 10 oS993694 5444 
Y CROSSRANGE (KH)  = 0 
rl ALTITUDE (KH) = 1-535172157511 
&THOSPHERIC DENSITY ( K G / t ¶ * + 3 )  = 1.47922 7 1  3 3 1 3  7 E o 0  2 
V VELOCITY (H/SEC) = 122 2 3552 32665 
ACCELERATION <EARTH G I  = - , 4 2 ~ 3 9 3 7 1  83683 
DYNAMIC PRESSURE ( N / H * * P )  = 110,5095367749 
GAHA F L T o  PATH ANGLE (DCG) = -370 A3 3250 098 04 
AZE (DEG)  = 0 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
P AHACHUT ES DEPLO YE0 
PARA CHUl ES DEPLO YE D 
PARACHUTES DEPLOYED 
P ARACHUT LS DEP L O  Y ED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 

TIME (SEC)  = 5 4  ~ 0 0 0 0 0 0 0 0 0 0 0  R O L L  ( 3 E G )  = 
X 003NRANGE (KH) = 18078416126796 
Y CROSSRANGE ( K f l )  = c 
H ALTITUDE (KH) = 1 3882 126 32 55 5 
ATHOSPHERIC DENSITY (KG/M**3) = 1.490471803057E-02 
Y VELOCITY [HlSEC) = 113.5 2569 307 15 
ACCELERATION (EARTH G I  = -04186881078858 
3YNAHIC PRESSURE < N / t l + * 2 )  = 96.724 64119590 
GAMA FLTo PATH ANCLE (DE&) = -3 9-  9 0  331 98  0965 
AZE tOE6) = 0 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLO Y ED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 

TIWL (SEC) = 56.000 O O D O O O O O  R O L L  O E G )  = 
X DOWRANGE (KH) = 18,949 17272923 
Y CROSSRANGE (KH) = 0 
t i  ALTITUDE (KH) = 1.2431 97574943 
ATtlOSPHERIC DENSITY (KG/H*f3) = 1-50 155144 8 8 9 5  E002 
V VELOCITY <M/SEC) = 105 - 0  0 2  76 415 07 
ACCELERATION (EARTH 6 )  = --410270+997553 
3YNAHIC PRESSURE; <N/f!**2)  = 84*0*915199193 
GARA FLTo PATH ANGLE (DEG) = -4 2- 7 6 6 52 0 0 0 3 20 
AZE (DE63 = 0 

'32 I 
I 



ARA CHUTES DEPLO Y t D  

PARACHUTES DEPLOYED 
ARACHUTES DLPLOYED 
ARACHUTES DEPLOYED 

1 ARACHUTES DEPLOYED 
AHACHUTES DEPLOYED 
ARACHUTES DEPLO YED 
ARA CHUTES DEPLO YE0 

1 ARACHUTES DEPLOYED I 
1 

IHE CSEC) = 58 .ooooouooaoa ROLL (3EG) = 
DObINRANGE <KH) = 1 9 e 0 9 5 0 8 7 5 1 66 5 

Y CROSSRANGE <KH) = 0 
ALTXTUDE (KH) = I e 101 2 196 0 4 93 3 

VELOCITY <tl /SEC) = 97e63257433610 
ACCELERATION (EARTH G I  = -e4032635684920 

THOSPHERIC D E N S I T Y  (KG/H**3> = 1.51257 81 7 6 753 E o 0 2  

YNARIC PRESSURE < N / H * + 2 )  = 7~39oa2213469 
ANA FLTe  PATH ANGLE (DEG) = -4 5- 71 9874 73797 

II 

0 

0 
I 
I 
AZE (REG) = 

ARACHUTCS DEPLOYED 
ARACHUTES DEPLOYED 

PARACHUTES DEPLOYED 
AHACHUTES DEPLOYED 
ARACHUTES DEPLOYED 
ARACHUT ES DEPLOYED 

PARACHUTES DEPLOYED 
ARACHUTES DCPLO YED 
ARACHUTCS DEPLOYED 

I R E  ( S E C I  = 60  eOG00000000E ROLL (3EG) = 
OOliNRANGE CKH) = 19 -222643 53 94 I 
CROSSRANGE (KH) = 0 

e9634 1516 85367 , A L I I I U D E  (KHI = 
THOSPHERIC DENSITY ( K G / f l * * 3 )  = 1.5234 581 5 6 0 4 4  E-02 

V E L O C I T Y  < H / S E C )  = 69e995911 19699 
ACCELERATION (EARTH G) = -e  347 5261 0 34 i 13 

YNARXC PRESSURE ( N / H * * 2 )  = 6 10 68 074 1 122 35 
AWA FLTe PATH ANGLE (DEG) = -48076G03969618 

AZE <DEG> = G 
ARACHUTES DEPLOYED 
ARACHUTES DLPLOYED 
ARA CHUT E S G tPLO YED 

PARACHUTES DEPLOYED 
ARACHUTES DEPLOYED 
ARACHUTES DEPLOYED 

ARACHUTES DEPLOYED 
ARACHUTES CEPLOYED 

8 

I 
I 

I 

# 

ixZ~~L~~5~~t~L )== 0 

I ZE (DE61 = 0 

PARACHUTES DEPLOYED ~ 

62 .ooooooooooa R O L L  (DEG) = 
14 -33265145947 

H ALIXTUDE (KM) = e8309501463473 
THOSPHERIC DENSITY CKG/fl**3) = 1-533892938617E-02 

VELOCITY (M/SEC) = 62e23806392473 
ACCELERITION (EARTH G )  = 9-3931 474 177317 

YNAHXC PRESSURE <N/H**2)  = 51e06935020681 
AHA F L T e  PATH ANGLE ( D f G )  = -5 lo b 8 3 2 32 77 4 50 

PARACHUTES DEPLOYED PRACHUTES DEPLOYED 

G 



PARA CHUT ES D CPLO YE0 
PARACHUTES GEPLO YE0 

PARACHUTES DEPLOYLG 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYEG 
PARACHUTES DEPLOYED 

PARACHUTES DEPLO YE0 

T l H L  (SEC) = 64~00000000000 
it 2OdNRANGE (KH) = 19 -42601052645 
Y CROSSRANGE. (KH) = c 
H ALTITUDE (KH) = e70500 451 78384 
ATMOSPHERIC DENSITY (KG/M+*3 )  = 1 5439 60  3 3 960 5 E062 
U VELOCITY ( W S E C )  = 74e56817843713 
ACCELERATION (EARTH G) = -036564194 35111 
OYNAHIC PRESSURE < N / H + + 2 )  = 420 42 3 065 0 39 44 
GARA FLT- PATH ANGLE (DEG) = -55009526957269 
AZL (DES) = 0 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLO YE0 
PARACHUTES DEPLOYED 
PARACHUTES DEPLO YE0 
PARACHUTES DEPLOYED 
PARACHUTfS DEPLOYED 
PARACHUTES OEPLO Y ED 

TIME ( S E C )  = ~ 6 . o o o a o o o o o ~ o  ROLL (DEG) = 
X OOYNRANGE <KR) = 19 -503 721 3222 6 
Y CROSSRANGE ( K H )  = c 
H ALTITUDE (KM) = sa675wi543n 
ATWOSPHERIC DENSITY (KG/H**3)  = 1-5533 16 73457  9f -02  
U VELOCITY (H/SEC) = 66 -9 5 80 1 174 7 ~3 
ACCELERATION (EARTH G) = -e3869465079291 
DYNA9IC  PRESSURE (N/M++2)  = 34-82 134 2 2 0 2 4 4  
GAMA F L T e  PATH ANGLE (DCG) = -58,36152963766 
AZE ( D C G )  = 0 
PARACHUTES DCPLO YED 
P ARACHUT ES D EPLO Y ED 
PARACHUTCS DEPLO YE. D 
PARACHUTES DEPLOYED 
PARACHUTES DEPLO Y ED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 
PARACHUTES DEPLOYED 

TIHE (SEC) = 6 6 ~ 0 0 0 0 0 0 0 ~ 0 0 C  ROLL C D E G )  = 
X DOkNRANGE (KM)  = 19-56689514866 
Y CROSSRANGE (KH) = 0 
ti ALTITUDE (K f l )  = - 4  773 5521 28971 
ATROSPHERIC OCNSLTY ( K G / H * * 3 )  = 1 h 6 2 0  962 3 194 6 Eo02 
Y VELOCITY <H/SEC) = 59-39 552674614 
ACCELERATION (EARTH G) = 00 3849 1725 53588 
DYNAMIC PRESSURE ( N / H * + 2 )  = 27055407407343 
G A M  F L T -  PATH ANGLE (DEG) = -61070695928150 
AZE <DEG) = 0 
PARA CHU? ES D EPLO YED 

‘ = I  I 

0 I 
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APPENDIX K 



The specific irnpGise , Isp, ca!c!Jlation for the stochiometric 
cornbustion of methane and oxyqen i s  3s follows. 

Using the chamber pressure of the  Space-Shuttle main engines as 
state-of-the -art, Pc = 3060 P S ! ~ ,  and assuming expatlsion to r?ars 

sea-lewl pressure, 0. I 15 psia, with ths Ci?,-07 cornbustion flame 

temperature of 7343%, and 3 resultin? r x i o  of  s l jecl f lc  he?ts r,i 1 16, the 

k g  is 

- 

For expansion to VacuLrrn conditions, the Isp is: 

I sp (vat) =jTFZXiET// I- 1 .  I 61 (7344) 
32.2284 \ .  151 26.66 

Isp (vat) = 41 6.62 sec5 = 4085.65 E.l-s/krj 
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